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WATER  and  AIR  COOLED 
TRANSMITTING  and  RECTIFYING  TUBES 

Amperex  engineers  have  made  many  important  contri¬ 
butions  to  the  refinement  of  electron  tubes.  One  "Ainper- 
extra"  of  note  is  the  development  of  o  means  of  assuring 
positive  contact  between  the  plate  and  wire  support.  Vary¬ 
ing  and  unreliable  high  resistance  contacts  have  been 
eliminated  by  clinching  and  riveting.  And  it  is  this 
method  of  joining  the  plate  and  its  supports  that  makes 
for  a  steady,  constant  flow  of  plate  current. 

The  sum  total  of  all  "Amperextras"  adds  up  to  cost 
efficiency  in  broadcasting,  industrial,  electro-medical  and 
amateur  radio  applications.  An  Amperex  engineer  is  avail¬ 
able  for  consultation  on  your  present  or  postwar  problems. 
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THE  FAR  EAST 


Frontier 


IN  'nnS  gnat  tradition  of  America, 
our  frontier  lies  to  the  West  But  for 
a  United  States  that  stretches  from 
the  Atlantic  to  the  Pacific,  to  Go  West 
is  -to  arrive  in  the  Far  East  The  feet  of 
literally  millions  of  our  young  men  are 
now  set  upon  that  route. 

Accomplishment  of  their  olqective— 
the  defeat  of  Japan— will  not  end  our 
responsibilities  to  the  Orient  any  more 
than  the  defeat  of  Germany  will  end 
our  responsibilities  to  Europe.  This  time 
we  mean  to  see  the  venture  through. 

The  first  sketch  of  a  political  program 
for  enlisting  the  strength  of  nations  of 
good  will  to  enforce  the  peace  was 
drawn  at  Dumbarton  Oaks.  That  is  a 
good  start.  But  those  who  participated 
know  how  much  work  remains  before 
the  blueprint  becomes  a  fully  matured 
plan,  the  plan  becomes  a  structure,  and 
the  structure  takes  life  and  effective  be¬ 
ing  in  the  living  imagination  and  will 
of  the  peoples  of  the  world. 

No  political  accord,  however  high  its 
purpose,  can  endure  for  long  if  it  de¬ 
pends  upon  the  loyalty  and  support  of 
populations  embittered  by  hopeless  pov¬ 
erty  that  is  offered  no  promise  of  relief. 
The  poisonous  dust  of  mass  despair 
makes  inevitable  an  ultimate  explosion, 
whether  it  be  sparked  by  a  torch  sup¬ 
plied  from  without  or  by  its  own  inter¬ 
nally  generated  heat  Much  of  the  Far 
East  is  sufficiently  close  to  that  position 
to  pose  a  grave  problem  to  the  Western 
world.  It  is  of  particular  importance 
that  American  business  men  and  work¬ 
ers  alike  recognize  the  nature  of  their 
responsibility  in  the  matter,  for  to  them 
the  great  area  of  the  East  presents  also 
an  opportimity  and  a  challenge. 

☆  *  * 

The  Orient— stretching  in  a  vast  semi¬ 
circle  from  Manchuria  and  Japcm  to 
India  and  Ceylon— is  the  home  of  more 
than  a  billion  people,  the  world’s  great¬ 
est  potential  market.  In  its  mountains 
are  the  earth’s  richest  stores  of  tin  and 
mica;  its  deposits  of  iron  ore,  coal,  and 
manganese  rival  those  of  France,  Rus¬ 
sia,  and  the  United  States.  Its  rice  pad¬ 
dies  are  the  most  productive  in  the 
world,  its  coconut  and  rubber  planta¬ 
tions  the  largest,  and  its  cotton  pro¬ 
duction  is  of  major  volume. 

And  yet,  this  fabiilous  region— with 
its  riches  of  manpower  and  raw  mate¬ 
rials— suffers  from  living  standards  at 
the  lowest  rvmg  of  the  world  scale.  With 
as  much  as  85  per  cent  of  the  popula¬ 
tions  of  this  great  area  devoted  to  the 
production  of  farm  products,  starvation 
hu  been  an  endemic  plague  to  count¬ 
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less  millions  of  its  inhabitants,  and  will 
remain  so  until  they  graduate  from  the 
crudely 'primitive  methods  of  the  crook¬ 
ed  stick  and  the  bamboo  plow  to  the  use 
of  the  implements  of  a  modem  world 
in  both  agricultiue  and  industry. 

The  improvement  of  agricultural  meth¬ 
ods  and  the  burgeoning  of  industrial 
development  depends  upon  tools— a  pre¬ 
ponderance  of  simple  tools,  no  doubt, 
at  the  beginning,  for  modernization  of 
economic  processes  is  a  development 
that  cannot  be  forced  at  a  rate  faster 
than  the  ideas  upon  which  .they  depend 
can  be  developed.  If  we,  in  the  United 
States,  are  to  hope  to  supply  a  major 
portion  of  the  implements  upon  which 
the  salvation  of  the  East  depends,  we 
must  be  prepared  to  export  also  the 
skills  and  technologies  whicH  will  make 
their  effective  use  possible. 

The  possibility  of  a  world  market  for 
machinery  and  manufactured  products 
is  a  challenge  that  American  industry 
cannot  afford  to  ignore.  The  United 
States  vdll  emerge  from  the  war  with 
almost  half  of  the  world’s  industrial 
capacity  within  its  borders,  with  much 
more  than  half  of  the  heavy  industries. 
Drastic  and  painful  readjustments  are 
inevitable;  but  they  can  be  mitigated  to 
the  extent  that  we  can  find  outside  mar¬ 
kets  for  the  products  for  which  we  have 
excess  capacity. 

We  shall  find  ourselves,  at  war’s  end, 
in  a  singularly  favored  position  to  com¬ 
pete  in  any  equipment  markets  which 
are  open.  It  is  not  merely  that  we  shall 
have  the  productive  capacities  crying 
for  outlets.  Aside  from  Germany  and 
Japan,  which  for  some  time  will  not  be 
in  a  position  to  compete,  our  two  major 
industrial  Allies,  Great  Britain  and 
Russia,  will  face  enormouis  tasks  in 
providing  for  their  own  rehabilitation. 
Neither  of  them  is  likely  to  be  in  a 
position  to  export  more  capital  than 
they  absorb;  and  although  Canada, 
Sweden,  and  Switzerland  will  be,  the 
United  States  will  stand  alone  as  the 
one  major  creditor  nation  in  the  world. 
If  the  potential  advantages  of  this  posi¬ 
tion  are  managed  witli  wisdom  and 
imagination,  they  will  enormously  en¬ 
hance  our  opportunities  for  supplying 
a  great  share  of  the  capital  goods  de¬ 
mand  of  undeveloped  areas. 

☆  ☆  ☆ 

What  is  the  dimension  of  the  Far 
East’s  potential  demand?  What  are 
some  of  the  difficulties  standing  in  the 
way  of  its  being  realized? 

If  needs  were  the  only  measuring 
stick,  the  Far  Eastern  market  wotild 
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provide  a  bottomless  pit  into  which  even 
the  great  stores  of  our  exportable  ca¬ 
pacity  could  be  poured  with  room 
to  spare. 

China,  alone,  with  its  teeming  popu¬ 
lation  of  450  millions,  has  spelled  out 
needs  in  dimensions  large  enough  to 
stir  the  imaginations  of  the  equipment 
producers  of  the  world. 

Business  Week  (February  5,  1944) 
supplements  Dr.  Sxm  Yat-Sen’s  spa¬ 
cious  first  estimates  of  the  require¬ 
ments  for  a  thorough-going  industriali¬ 
zation  program  with  figxires  provided  by 
current  Chinese  planners— 25,000  loco¬ 
motives;  300,000  freight  cars;  20,000 
passenger  coaches;  20,000,000  tons  of 
steel;  and  90,000  power  driven  machine 
toob  for  the  first  five  years  of  recon¬ 
struction.  An  'American  manufacturer 
of  farm  equipment,  who  recently  sur¬ 
veyed  the  agricultural  reqxiirements  of 
China,'  estimates  an  ultimate  Chinese 
market  for  20,000,000  tractors. 

India’s  drawing-board  plans  are 
equally  expansive.  According  to  the 
bold  pattern  drawn  up  by  a  group  of 
Bombay  industrialists— some  of  whom 
are  due  to  vbit  the  United  States  early 
in  1945— India,  after  the  war,  will  re¬ 
quire  a  capital  investment  of  $2,000,000,- 
000  a  year  over  the  next  15  years,  of 
which  $250,000,000  per  year  for  the  first 
seven  years  will  be  in  the  form  of  im¬ 
ported  capital  goods. 

Included  on  the  huge  import  order 
list  of  the  Bombay  executives  are  min¬ 
ing,  roadbuilding  and  power  station 
equipment,  heavy  locomotives,  metal¬ 
lurgical  plants,  agricultxiral  machinery, 
and  a  long  Ibt  of  machine  toob. 

There  can  be  no  question  of  the  need  * 
of  these  coimtries  for  the  industrial 
equipment— and  for  many  items  of  man- 
vifactured  goods— which  we  are  so  emi¬ 
nently  in  a  position  to  supply.  But 
realism  requires  that  we  measure  thb 
demand  against  the  Far  Ebst’s  probable 
capacity  in  the  rebtively  near  future 
to  absorb  industrial  goods. 

A  Chinese  economist  has  estimated 
that  China,  in  1937,  had  a  total  in¬ 
dustrial  capital  investment  of  about 
$1,000,000,000  in  American  values,  or 
something  like  $2.50  per  capita  of  popu- 
btion.  In  contrast,  the  American  invest¬ 
ment,  in  manufacttiring  facilities  alone, 
b  now  more  than  $600  per  capita. 

What  it  could  mean  in  terms  of 
capital  goods  requiremenb  if  China 
alone  carries  out  thb  dream  of  mod¬ 
ernizing,  not  to  the  utopian  level  of 
the  United  States  but  to  the  present 
modest  level  of  the  less  developed 
Soviet  Union,  b  typified  by  measuring 
just  three  lines;  ^,000  tons  of  steel  a 


year,  for  five  years,  to  add  12,IM  miles 
to  tte  railroad  system;  2487,500  molar 
vehicles;  3400,000  telephones. 

But  it  is  one  thing  to  cite  mountainovis 
figures  demonstrating  needs.  It  is  an¬ 
other,  and  far  less  optmustic  exercise, 
to  find  assurance  that  practleal  oppor¬ 
tunities  for  satisfying  such  needs  can 
be  made  to  materialize.  Let  us  face 
smne  of  the  major  difficulties  and  see 
if  they  are  insurmountable. 

☆  ☆  ☆ 

The  first  hurdle  to  be  cleared  is  the 
question  of  whether  or  not  we  want  to 
promote  the  industrialization  of  the 
Far  East.  The  wisdom  of  dmng  so  has 
been  vigorously  challenged.  The  nega¬ 
tive  argximent,  on  the  economic  side, 
generally  runs  thus:  If  we  provide 
industrial  equipment  to  backward  eco¬ 
nomic  areas,  wa  deprive  ourselves  of 
the  greater  long-run  opportunity  of 
selling  them  manufactured  articles 
which  our  aid  has  enaUed  them  to 
produce  for  themselves. 

It  is  <mly  fair  to  say  that  such  a 
thing  might  happen— that  it  has  hap¬ 
pened  in  isolated  instances  in  the  past. 
But  the  overvdiehning  weight  of  eco¬ 
nomic  history  demonstrates  that  the 
broader  attitude  is  also -the  profitable 
one. 

The  United  States  itself  is  the  living 
refutation  of  the  fear  which  now  cramps 
the  outlook  of  many  oi  its  own  citizens. 

From  I7d0  until  1850  the  foreign 
trade  of  our  new  fledged  Nation  had 
many  of  the  characteristics  which  per- 
tsin  to  the  trades  ol  China  and  Ladia 
today.  We  imported  mantifactures  and 
exported  raw  materials,  agricul¬ 
tural  products,  and  newly  mined  gold. 
Our  imports  exceeded  exports,  the  dif¬ 
ference  being  made  up  partly  by  pay- 
met^  to  us  for  shippiing  services  and 
partly  by  industrial  development  loans. 
It  is  relevant  to  inquire  how  the  trade 
of  the  lenders  was  afibcted  hy~  this 
policy  of  sui^lymg  us  with  kadustrial 
capital  and  machinery. 

From  1850  throu^  1939  the  pattern 
of  America’s  fmeign  trade  clMnged. 
Slowly  at  first,  and  then  at  aeederailed 
pace,  our  import  ledger  showed  a  per¬ 
centage  decline  in  manufactured  goods 
and  a  percentage  rise  in  raw  materials 
to  feed  our  expanding  industrial  facili¬ 
ties.  But  while  finished  mant^^tures 
declined  pcroent^fewise  ki  our  import 
budget,  so  great  uras  the  increase  in 
our  total  foreign  trade  operations  in 
the  cmitury  from  1830  to  1980  that 
our  imports  (rf  manufactured  goods 
increased  more  than  twentyfold,  and 
they  more  than  doubled  between  1900 
and  1939. 

Clearly  industrial  Europe  gained  rath¬ 
er  than  suffered  from  the  industrializa¬ 
tion  of  the  United  States,  and  it  is 
equally  clear  that  we,  in  turn,  riiall 
benefit  from  the  industrializatian  of 
the  wM-ld’s  imdeveloped  terrilaries.  Fur¬ 
ther  avidoice  is  provided  by  Canada 
which,  with  its  Ingh  industrial  devel¬ 
opment  but  (mly  12  million  people,  buys 


from  us  each  year  abaest  as  much  as 
relatively  unfadUBtriidlaed  130  oril- 
lioa  people  soudi  ef  the  Rio  Oande. 

If  it  be  granted,  as  I  believe  it  must, 
that  the  development  of  Far  Elastem 
countries  will  be  to  our  advantage  as 
wall  as  theirs,  the  second  question  that 
we  should  hice  is  the  speed  with  which 
it  can  be  accomplished.  Is  there  genu¬ 
ine  promise  in  the  proximate  future  of 
opportunities  for  American  enterprise 
of  the  magnitude  set  forth  in  the  esti¬ 
mates  quoted  above? 

In  all  fairness,  I  am  forced  to  state 
Biy  emiviction  tlnrt  die  road  is  longer 
than  is  indicated  by  Chinese  and  Indian 
leaders.  It  is  natural,  and  far  from 
censurable,  that  their  eyes  sfiould  be 
focussed  upon  the  urgency  of  national 
needs,  rather  than  upon  obstacles  in 
the  way  of  their  fulfillment. 

On  the  other  hand,  it  is  possible  that 
our  own  long  process  of  industrializa¬ 
tion  may  lead  iis  to  conclusions  of  im- 
due  conservatism.  Ideas,  once  they 
break  the  crust  of  resistance  are  the 
most  contagious  of  bacteria,  and  the 
tempo  erf  their  infiltration  seems  to 
increase  by  geometrical  progression  fn 
a  world  of  swift  communication. 

☆  ☆  ☆ 

In  an  interesting  recent  study  of  The 
Intematkmal  Labor  CtfSee,  it  is  suggest¬ 
ed  that  the  goieral  economic  levri  of 
the  rest  of  Asia  outside  Japan  in  the 
late  1930’s  was  not  dissimilar  to  that  oi 
Jiq>an  in  1900.  Between  1900  and  1936, 
Japan  increased  its  total  capital  invest¬ 
ment  more  than  threefold  devotii^ 
between  10  and  17  per  cent  of  its  a^ 
nual  income  tef  capital  outlays.  A  com- 
pcuabla  tempo  oi  devriopment  for 
China,  India,  and  other  Asiatie  areas 
would  result  in  a  capital  expansion 
that  would  dwarf  to  insignificance  the 
most  (^itimistic  blueprints  that  have 
been  put  forth  to  date.  I  am  not  sug¬ 
gesting  this  as  a  Ifinly  possibility,  but 
rather  as  a  cautkm  lest  we,  in  the 
naeae  of  hard-headed  realism,  under¬ 
estimate  Asiatic  potentials  as  much  as 
their  own  nationals  exaggerate  them. 

Ftoally,  in  appraieing  the  outlo<rfc  for 
American  enterprise  ki  Far  Eastern 
markets,  wa  collide,  bcad-on,  with  the 
proUom  oi  how  we  are  to  be  paid. 
Here,  hard-headedness  can  be  only  a 
vkrtae,  lor  the  lack  ol  It  will  breed  in- 
evital^  disaster  for  the  Asiatics  as 
well  as  for  us. 

In  the  last  analysis,  the  dimension  of 
the  American  market  in  the  Far  Eastern 
coiastries  will  be  determined  by  the 
dollar  exchange  at  their  eommand,  ob¬ 
tained  throu^  die  products,  goods,  and 
services  which  they  are  able  to  provide 
to  us,  widi  due  allowance  lor  multi¬ 
lateral  trade  arrangements.  It  is  true 
that  the  balance  temporarily  can  be 
distorted  through  the  extension  of  de¬ 
velopmental  loans.  There  is  little  ques¬ 
tion  but  that  such  loans  will  be  in 
evder  after  the  war,  and  if  they  are 
vrisely  made,  lor  productive  projects 
that  eventually  will  increase  die  ex¬ 


porting  capacities  of  the  countries  to 
whi(rfi  they  are  extended,  they  can  be 
thoroughly  justified.  But  the  best  loans 
provide  only  a  temporary  eiqiedient.  In 
the  long  run,  the  balance  of  current 
payments  mu^  be  restored  with  suffi¬ 
cient  margin  to  provide  interest  pay- 
.ments  and  finally  amortization  of  prin¬ 
cipal. 

☆  ☆  ☆ 

How,  then,  are  we  to  attack  the 
problem  of  increasing  our  imports  from 
the  Orient? 

In  1937,  die  total  exports  of  the  Far 
East  amoWted  to  something  over  $S,- 
000,000,000-8  little  less  than  $1,500,000,- 
OOO  in  foodstuffs,  a  little  more  than 
$2400,000480  in  raw  and  partly  manu¬ 
factured  materials,  and  better  than 
$1,000,000,000  of  manufactured  articles. 
Of  tids  total,  the  United  States  pur¬ 
chased  only  about  20  per  cent— approx¬ 
imately  10  per  cent  each  of  the  food¬ 
stuffs  and  manufactures,  and  30  per 
cent  of  the  materials. 

Despite  changes  In  our  technologies 
which  will  probably  reduce  our  future 
takings  of  such  important  items  as 
rubber  and  silk,  the  achievement  of  a 
high  level  of  economic  activity  in  this 
country  after  the  waf  will  provide  a 
basis  for  increasing  our  Eastern  im¬ 
port^  but  only  if  it  Is  an  accepted  part 
of  our  national  policy  to  do  so. 

This  means  an  alert  and  aggressive 
exploration  of  two-way  trade  possibili¬ 
ties  on  the  part  of  both  American  busi¬ 
ness  and  our  governmental  agencies.  It 
cannot  be  done  by  either  alone. 

The  war  has  dislocated  many  of  the 
trade  patterns  that  prevailed  in  the 
past.  The  East  is  hungry  for  the  type 
of  products  which  we,  uidquely,  are 
situated  to  supply,  but  it  will  m^e  its 
bargains  with  those  who  will  not  (»)ly 
fin  its  needs  but  win  also  provide  out¬ 
lets  for  its  produce.  Even  the  prewar 
magnitude  of  the  exports  fnxn  this 
area  provides  ample  margin  for  the 
most  meticulous  and  imaginative  shop¬ 
ping  of  Eastern  markets  with  the  aim 
of  increasing  the  modest  share  of  ovir 
prewar  purchases.  And  a  farsighted 
program  of  development  loans  can 
greatly  increase  the  capacity  of  these 
coimtiies  to  produce  what  we  want. 

In  general,  we  can  trust  American 
enterprise  to  explore  rigorously  all 
likely  ex^rt  opportxmities.  But  the 
equally  vigorous  investigation  of  im¬ 
port  possibilities  will  requke  a  break 
from  past  traditions  on  the  part  of 
American  business  and  American  gov¬ 
ernment 

Both  East  and  West  must  learn  to 
think  in  new  patterns  for  the  success¬ 
ful  opening  of  a  new  frontier. 


PteMdent  MeCrrnw-mU  PkblUHno  Co.,  Inc. 
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►  LAST  CHANCE  .  .  .  One  of  the  large  broadcasting 
companies  recently  conducted  a  series  of  studio  tests 
to  determine  the  kind  of  tone  fidelity  the  average  radio 
listener  wants.  Invited  guests  were  asked  to  vote 
their  preference  between  a  low-range  and  a  wide- 
range  setup.  Care  was  taken  to  see  that  the  wide-range 
transmission  was  clean,  free  of  noise  and  distortion. 

The  vote  was  in  favor  of  low  fidelity. 

This  is  not  difficult  to  understand.  The  average 
radio  listener  has  heard  few  real  jazz  bands  or  real 
symphonies  at  first  hand;  he  has  rarely  heard  music 
as  it  is  played,  but  only  radio  or  recorded  versions  of 
music.  The  average  radio  receiver  is  ridiculously  de¬ 
fective  in  transmitting  tones  above  5000  cycles.  In 
fact  it  is  down  10  to  20  db  at  that  frequency.  Since  the 
tests  were  conducted  by  a  broadcast  company,  in  a 
broadcast  studio,  to  determine  what  broadcast  list¬ 
eners  preferred  in  the  way  of  radio  tone  fidelity,  what 
else  could  one  expect?  Naturally  the  vote  was  for  the 
thing  that  was  familiar. 

This  question  of  band  width  is  extremely  important. 

So  long  as  the  radio  industry  floods  the  market  with 
receivers  that  are  practically  deaf  to  tones  above  5000 
cycles,  there  is  mighty  little  need  to  engineer  trans¬ 
mitters  and  lines  and  repeaters  and  switching  gear  for 
frequencies  higher  than  this.  So  long  as  stations  are 
packed  close  together  in  the  spectrum  and  so  long  as 
receivers  must  be  engineered  for  extreme  sensitivity, 
then  selectivity  and  freedom  from  adjacent-channel 
interference  are  more  important  than  mere  tonal 
fidelity. 

FM,  however,  poses  a  different  and  embarrassing 
question  for  the  radio  industry.  Once  more,  and  prob¬ 
ably  for  the  last  time,  the  industry  has  a  chance  to 


produce  a  truly  tone-faithful  system.  There  are  signs, 
however,  that  parts  of  the  industry  will  kick  and 
scream  bloody  murder  before  they  will  give  in  to  the 
“idealistic  goops"  who  wish  for  the  broader  bands. 

One  of  the  arguments  against  higher  frequency 
transmission  is  that  adults  can’t  hear  much  above,  say, 
fiPOO  cycles.  It  is  certain  that  the  higher  frequencies 
become  less  and  less  apparent  as  one  grows  older.  Of 
our  total  population,  however,  41  percent  is  less  than 
25  years  old;  and  while  the  trend  is  toward  a  popula¬ 
tion  which  is  becoming  successively  older,  the  in¬ 
creased  birth  rate  during  the  war  may  put  a  tem¬ 
porary  plateau  under  this  curve.  Anyhow,  why  should 
the  broadcasting  industry  be  engineered  for  old  duffers 
with  failing  ears;  why  not  for  the  youth? 

Another  argument  against  high  fidelity  is  that  we 
will  then  hear  needle  scratch,  violin  rosin  noises  and 
soprano  breathings.  This,  too,  is  merely  a  dodge.  Sc 
long  as  we  continue  the  old  technique  of  ramming  tht 
microphone  approximately  down  the  throat  of  th< 
violin  (or  of  the  soprano),  we  will  hear  such  noises 
But  we  won’t  if  we  develop  new  microphone  techniques 

The  broadcast  system  should  always  be  better  thai 
the  average  listener  can  appreciate  with  his  chea' 
little  box  of  radio  parts.  From  a  purely  selfish  stand 
point  the  radio  industry  should  be  interested  in  r( 
loading  the  buyer  of  a  cheap  radio  with  a  much  moi 
expensive  set  when  and  if  he  gets  the  money  to  buy  i 
Listeners  should  resist  with  every  means  at  the 
command  any  attempt  to  cramp  the  new  FM  syste 
with  the  same  kind  of  thinking  that  has  made  su( 
complete  frauds  out  of  so  many  radio  receiver  adve 
tising  copy  writers  who  prate  about  the  fine  tone  qui 
ity  of  their  products. 


A  Report  on  the 

FCC  FREQUENCY 

Over  a  month  was  required  for  presentation  of  evidence  regarding  radio’s  future  needs 
by  the  RTPB,  the  IRAC,  the  ARRL  and  others.  Proposed  assignments  cover  the  spectrum 
from  10  kc  to  30,000  Me.  Industrial  electronic  equipment  channels  suggested 


Docket  6651  may  well  prove  to 
be  the  most  voluminous  file  in 
the  history  of  the  Federal  Com¬ 
munications  Commission.  For  it  is 
under  this  number  that  the  Com¬ 
mission  considered,  throughout  the 
month  of  October,  the  future  needs 
of  various  services  in  the  radio 
spectrum  from  10  kc  (30,000  met¬ 
ers)  to  30,000  Me  (1  centimeter). 

That  the  inquiry  was  exhaustive 
is  clear  from  the  record,  a  trans¬ 
cript  over  a  million  words  long. 
That  the  decisions  based  on  this 
record  will  be  of  the  utmost  im¬ 
portance  is  equally  clear,  for  on 
them  will  depend  in  large  part  the 
future  activity  of  every  communi¬ 
cations  engineer  and  technician  in 
the  business. 

The  ether  spectrum  obviously  has 
been  expanding  under  the  impetus 
of  war  but  the  extent  of  the  expan¬ 
sion  is  now  for  the  first  time  a  mat¬ 
ter  of  public  record.  The  spectrum 
extends  upward  to  30,000  Me, 
whereas  the  last  public  allocation 
stopped  at  300  Me.  Wavelengths  be- 
rween  one  meter  and  one  centimeter 
ire  to  be  assigned  channel-by-chan- 
lel  for  the  public  use.  The  spec- 
rum  has  been  extended  by  some 
ix  octaves. 

Of  equal  interest  is  the  number 
nd  variety  of  services  which  are 
resently  in  competition  for  pre- 
irred  positions  in  the  spectrum, 
anels  of  the  Radio  Technical  Plan- 
ng  Board  (RTPB)  made  up  of 
en  from  industry,  each  panel 
presenting  a  different  group  of 
rvices,  presented  requests  for 
her  space  and  some  of  these  re- 
ests  conflict  with  those  of  other 
nels.  The  allocation  plan  of  the 


Interdepartment  Radio  Advisory 
Committee  (IRAC),  representing 
government  departments,  was  also 
introduced,  agreeing  with  the  RTPB 
plans  in  some  respects  but  widely 
differing  in  others. 

The  volume  of  evidence  presented 
before  the  FCC  was  so  huge  as  to 
make  this  reporter  despair  of  assim¬ 
ilating  any  but  the  major  points  in 
time  to  meet  a  December  deadline. 
What  follows,  therefore,  is  an  at¬ 
tempt  to  delineate  the  requests  for 
ether  space  put  forward  by  the 
various  services  through  RTPB  and 
IRAC  and  others,  and  to  indicate  in 
passing  some  of  the  technical  impli¬ 
cations  involved. 

Program  of  tho  Hearing 

The  hearing  got  under  way  on 
September  28,  when  Chairman  Fly 
of  the  FCC  explained  its  purpose 
and  asked  Dr.  W.  R.  G.  Baker, 


Chairman  of  the  RTPB,  to  outline 
the  functions  and  activities  of  this 
group.  Dr.  Baker  pointed  out  that 
in  1942  Mr.  Fly  himself  had  sug¬ 
gested  that  such  an  organization  be 
set  up  to  assist  in  resolving  the 
problems  of  frequency  allocations 
and  system  standards. 

The  RTPB,  said  Dr.  Baker,  was 
patterned  after  the  National  Tele¬ 
vision  System  Committee,  but  its 
organization  was  broadened  to  in¬ 
clude  all  non-government  radio  serv¬ 
ices,  and  to  include  representatives 
from  all  interested  groups  from 
commercial  as  well  as  scientific  bod¬ 
ies  within  the  industry.  Moreover, 
since  much  pertinent  information 
is  classified  as  secret  or  confidential 
by  military  authority,  it  was  neces¬ 
sary  to  rely  on  the  knowledge  and 
recommendations  of  Panel  members 
to  a  considerable  extent  in  formu¬ 
lating  plans  to  avoid  violation  of 
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war  basis  by  the  RTPB.  The  IRAC  would  drop  it  entirely  insofar  as  direct  reception 
by  the  radio  audience  is  concerned,  substituting  spot-frequency  relaying  and  re-broad¬ 
casting  by  standard  broadcast  stations 
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our  national  security  regulations. 

Dr.  Baker  further  stated  that  an 
important  aspect  of  the  RTPB’s 
work  was  to  obtain  agreement  on 
frequencies  and  standards  for  such 
services  as  would  provide  maximum 
employment  after  the  war.  He 
said  that  Panels  reporting  on  two  of 
the  most  important  post-war  serv¬ 
ices,  frequency  modulation  and  tele¬ 
vision,  had  agreed  upon  standards 
and  had  resolved  all  conflicts  on  fre¬ 
quency  allocations.  Finally,  he 
pointed  out  that  many  new  serv¬ 
ices,  not  originally  included  in  allo¬ 
cation  discussions,  now  had  to  be 
considered.  Among  these  were  in¬ 
dustrial  and  scientific  oscillators 
not  used  for  communication  pur¬ 
poses,  relay  systems,  and  new 
types  of  mobile  radio  communica¬ 
tion  equipment  for  buses,  railroads, 
taxicabs  and  even  the  private  citi¬ 
zen. 

Then  followed  reports  from  the 
chairmen  of  two  RTPB  Panels  hav¬ 
ing  a  broad  outlook  on  the  whole 
spectrum.  Panel  1  on  Spectrum 
Utilization,  and  Panel  2  on  Fre¬ 
quency  Allocation.  The  major  ex¬ 
hibit  of  these  two  panels  was  a 
chart  of  the  spectrum  showing  the 
present  allocations  under  FCC  rules, 
and  the  RTPB  proposals  in  each 
class  of  service.  The  “chart”  is  so 
voluminous  that  it  takes  30  sheets, 
each  10  by  30  inches,  to  cover  the 
range.  The  illustrations  accompany¬ 
ing  this  report  represent  a  sum¬ 
mary  of  the  more  important  serv¬ 
ices,  and  include  also  the  allocations 
proposed  by  the  IRAC  and  ARRL. 

Following  this  presentation,  tes¬ 
timony  was  taken  by  the  FCC  on 
all  phases  of  the  art.  The  first 
week  was  devoted  to  general 
communications  services,  includ¬ 
ing  amateur  and  international 
broadcast.  The  second  week  was 
given  over  to  broadcasting  in  its 
various  forms;  standard,  FM,  tele¬ 
vision,  facsimile,  and  educational. 
Portable  and  mobile  units  used  by 
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FIG.  3 — FM  and  television  frequency  assignment  clashes  between  RTPB  Panels  were 
compromised  ond  solved  before  the  FCC  Hearings  took  place.  Some  differences, 
however,  remained  between  RTPB  and  IRAC  proposals 


police  and  other  similar  services,  as 
well  as  by  public  utilities,  were  dis¬ 
cussed  in  the  third  week.  The 
fourth  week  covered  industrial, 
medical  and  scientific  sources  of  in¬ 
terference  and  services  intended  to 
relay  public  and  private  communi¬ 
cations. 

Finally,  the  chairman  of  RTPB 
Panel  2  again  appeared  and  made 
recommendations  based  on  all  the 
evidence  presented.  Similar  recom¬ 
mendations  from  all  other  inter¬ 
ested  parties  were  invited,  and  the 
Commission  then  rested  from  its 
labors  and  retired  to  peruse  the  rec¬ 
ord  in  the  quiet  of  its  chambers. 
From  such  contemplation  will  come, 
and  it  is  believed  in  the  not-too-dis- 
tant  future,  a  binding  allocation  of 
the  spectrum  to  govern  the  indus¬ 
try  for  the  next  five  years  or  more 
( the  last  allocation  occurrei^  in  May, 
1940). 


tions.for  these  services  are  shown 
in  Fig.  1,  2  and  3. 

Standard  broadcasting  (Fig.  1) 
was  studied  by  the  RTPB  and  Panel 
4  recommended  that  the  lower  fre¬ 
quency  edge  of  the  band  be  extended 
downward  from  the  existing  550  kc 
limit  to  520  kc,  thus  providing  three 
additional  channels.  This  would 
bring  the  band  edge  within  15  kc  of 
the  distress  frequency  (SOS  chan¬ 
nel)  but  it  is  argued  that  modem 
equipment  provides  plenty  of  selec¬ 
tivity  to  avoid  interference.  The 
IRAC  proposal  indicates  greater 
caution  in  this  regard  but  admits 
that  the  band  should  be  extended  to 
530  kc.  (The  540  kc  channel  is  al¬ 
ready  in  use  in  Canada.  Some  evi¬ 
dence  was  brought  forth  purporting 
to  show  that  interference  was  oc¬ 
casionally  experienced  from  auto¬ 
alarm  SOS  devices  on  this  fre¬ 
quency.) 

Panel  4  pointed  out  that  rural 
coverage  in  the  standard  band 
leaves  much  to  be  desired  and  said 
that  this  condition  cannot  always 
be  remedied  by  providing  vhf  or 
uhf  services.  One  third  of  the  area 
of  the  United  States  is  still  outside 
the  daytime  range  of  any  broadcast¬ 
ing  station.  Thus  some  10,000,000 
of  our  people  can  enjoy  radio  only 
at  night,  and  then  often  only  under 
adverse  conditions.  The  RTPB  pro¬ 
poses  to  ease  this  situation  by  set- 


The  Broadcasting  Services 

The  broadcasting  services  .  .  . 
standard,  international,  f-m  and 
television  .  .  .  are  of  primary  im¬ 
portance  because  they  represent  so 
large  a  part  of  the  commercial 
activity  in  the  electronics  field. 

-  These  services  must,  furthermore, 
assume  the  largest  initial  burden 
of  production  when  military  equip¬ 
ment  is  no  longer  needed  in  large 
quantities.  The  proposed  alloca- 
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of  the  f-m  band  in  the  spectrum 
(Fig.  3). 

The  present  f-m  band  extends 
from  42  to  60  Me,  the  lower  portion 
of  which  is  reserved  for  educational 
stations.  The  RTPB  proposal  is 
that  the  band  remain  in  the  same 
general  location  but  be  extended 
downward  to  41  Me  and  upward  to 
66  Me,  providing  76  channels  each 
200  kc  wide.  It  was  revealed  during 
the  hearings  that  a  contest  between 
the  FM  and  Television  Panels  for 
the  space  from  60  to  66  Me  had  been 
resolved  within  the  RTPB,  the 
Television  Panel  agreeing  to  give 
up  the  space  in  return  for  space 
from  108  to  114  Me.  The  IRAC 
plan  also  would  enlarge  the  pres¬ 
ent  f-m  band  but  not  to  the  extent 
proposed  by  RTPB.  IRAC  favors 
eliminating  the  five-meter  amateur 
band  (66  to  60  Me)  and  turning  this 
space  over  to  television  in  return 
for  the  space  from  60  to  64  Me 
given  to  f-m  broadcasting. 

In  contrast  to  these  official  recom¬ 
mendations,  former  Commissioner 
T.A.M.  Craven  urged  that  400  f-m 
channels  be  provided  between  60 
and  100  Me,  and  that  television 
move  upward  to  the  region  above 
480  Me.  Mr.  Craven  urged  that  the 
width  of  each  f-m  channel  be  100 
kc,  one  half  the  present  width.  He 
also  envisaged  an  ultimate  demand 
for  at  least  2000  commercial  f-m 
stations  (at  present  there  are  63 
stations  authorized  and  266  applica¬ 
tions  for  construction  permits  pend¬ 
ing  before  the  FCC). 

Major  E.  H.  Armstrong  took  the 
stand  to  urge  that  no  reduction  be 


4 — ^Amcrtmir  radio  obTioualj  has  a  bright  iuturo.  dosplto  all  tho  rumors  that 
harm  b*«n  flying  around  almost  sinco  tho  boginning  of  tho  war.  Tho  RTPB  agroos 
with  tho  ARBI  on  somo  proposals  and  with  tho  IRAC  on  othors,  but  difforoncos  in 
tho  proposals  of  tho  throo  groups  oro  comparatiToly  minor 

ting  up  satellite  stations,  oi>erating 
on  synchronized  standard  broadcast 
frequencies,  to  extend  the  range  of 
existing  stations  into  the  rural 
areas.  One  of  the  reasons  why  such 
stations  have  not  been  employed 
more  extensively  in  the  past  is  the 
expense  of  program  lines  and  syn¬ 
chronizing  circuits.  Satellite  sta¬ 
tions,. it  is  proposed,  can  now  be  op¬ 
erated  economically  by  the  use  of 
relay  facilities  in  the  uhf  (300  to 
3000  Me)  and  shf  (3000  to  30,000 
Me)  bands. 

A  proposal  to  set  up  a  new  low- 
frequency  broadcast  service  be¬ 
tween  200  and  400  kc  (similar  to  ex¬ 
isting  European  service)  has- not 
been  approved  by  the  Panel  but  re¬ 
mains  under  study. 

International  broadcasting  came 
in  for  a  large  share  of  attention. 

The  IRAC  plan  proposes  to  elimi¬ 
nate  international  shortwave  broad¬ 
casting  entirely  in  its  present  form 
and  to  substitute  a  limited  number 
of  relay  channels,  giving  point-to- 
point  service.  The  relayed  programs 
would  be  disseminated  by  domestic 
stations  in  a  manner  similar  to  the 
present  overseas  news  broadcasts. 

This  proposal  found  no  favor  what¬ 
ever  with  industry.  RTPB  Panel 
8,  within  whose  province  the  sub¬ 
ject  lies,  urged  that  7  bands  be  set 
up,  each  consisting  of  8  channels, 

'  for  the  exclusive  use  of  U.  S.  sta¬ 
tions  (Fig.  2). 

The  chaotic  condition  of  the  in- 
I  temational  service  was  clearly  re¬ 
vealed  by  the  testimony  of  Curtis 
■Plummer,  FCC  engineer.  In  Janu¬ 


ary  1939,  according  to  Mr.  Plum¬ 
mer,  there  were  166  stations  oper¬ 
ating  outside  the  bands  authorized 
by  the  Cairo  Conference.  The 
U.  S.  A.,  adhering  to  the  regula¬ 
tions,  had  no  stations  outside  the 
bands.  In  August,  1944,  on  the 
other  hand,  341  stations  were  op¬ 
erating  outside  the  authorized 
bands,  and  22  of  these  were  U.  S. 
stations.  Which  shows  how  treaty 
agreements  fare  in  wartime. 


FM  BreadeotNag 

The  recommendations  of  the 
RTPB  FM  Panel  have  already  been 
reported  in  these  pages  (Elec¬ 
tronics,  November,  p.  126).  Briefly, 
they  adhere  to  the  previously  ex¬ 
isting  standards,  200-kc  bandwidth, 
76-kc  maximum  deviation.  The 
question  debated  at  length  at  the 
hearings  had  to  do  with  the  position 


INOUSThiM.  AND  MtOtCAL 


FIG.  5 — Indnstrial  and  msdical  •quipmant  radiating  radio  intorforonc*  should,  thinks 
tho  RTPB.  bo  ossignod  spodfic  frognoncios.  Thoro  is  somo  guostion  os  to  whothor 
tho  Communications  Act  coTors  such  goor,  and  obTiously  many  closhos  oxist-botwoon 
tho  allocations  suggostod  in  this  chart  and  othor  sorricos 
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permitted  in  the  width  of  channels 
allocated,  since  such  reduction 
would  impair  the  quality'  of  the 
service  and  would  also  remove  the 
possibility  of  multiplexing  facsimile 
on  the  same  channel.  He  also  ar¬ 
gued  against  limiting  the  power  of 
f-m  outlets. 

Paul  Kesten,  vice  president  of 
CBS,  urged  that  practically  unlim¬ 
ited  competition  be  permitted  on 
the  f-m  bands,  with  each  outlet  cov¬ 
ering  a  single  market  area.  This, 
he  said,  would  mean  larger  net¬ 
works,  more  extensive  rural  cover¬ 
age,  and  general  benefit  to  all  radio 
listeners.  The  plan  would  mean  lim¬ 
iting  the  power  of  stations.  Mr. 
Kesten  believes  that  a  total  of  4000 
to  5000  f-m  stations  could  be  sup¬ 
ported  in  10  national  networks.  He 
said  CBS  engineers  were  not  cer¬ 
tain  as  to  the  best  region  of  the 
spectrum  for  f-m  but  said  they 
hoped  the  present  region  was  the 
best  habitat  of  the  service. 

Questions  asked  by  the  Commis¬ 
sioners  and  the  FCC  engineering 
staff  indicated  that  there  was  much 
doubt  in  official  quarters  that  the 
present  f-m  band  was  the  best  for 
the  service.  These  doubts  have  ap¬ 
parently  arisen  from  measurements 
made  by  the  FCC  on  long-distance 
interference  effects  in  the  region 
from  40  to  100  Me.  Dr.  L.  P. 
Wheeler  of  the  Commission’s  en¬ 
gineering  staff  presented  a  report 
on  these  measurements  which  in¬ 
dicates  the  extent  of  tropospheric 
and  “burst”  interference,  sporadic 
E,  and  F,  layer  reflections  from 
February  1943  to  the  present  date 
over  distances  of  from  100  to  1400 
miles.  Sporadic  E-layer  propaga¬ 
tion  was  prevalent  in  the  summer 
months,  producing  field  strengths 
in  excess  of  25  microvolts-per-meter 
12  percent  of  the  time  in  July  1944, 
at  900  miles  on  44.3  Me.  In  the 
winter,  on  the  other  hand,  such 
fields  occurred  less  than  one  percent 
of  the  time.  Such  interference 
would  not,  of  course,  be  troublesome 
in  the  vicinity  of  the  desired  sta¬ 
tion,  but  would  cut  into  the  outer 
limits  of  the  coverage  area,  where 
field  strengths  are  low.  The  burst- 
t3T)e  of  interference  was,  incident¬ 
ally,  definitely  correlated  with 
meteorite  tracks  by  direct  visual 
observation,  during  these  tests. 


Dr.  K.  A.  Norton,  formerly  with 
the  FCC  and  now  serving  as  a  ci¬ 
vilian  consultant  to  the  Army,  ap¬ 
peared  for  the  FCC  to  reveal  sim¬ 
ilar  measurements  made 
Tnterservice  Radio 


fact  that  the  most  serious  interfer¬ 
ence  effects  were  noted  in  an  area 
outside  the  U.  S.  A.  It  was  pointed 
out  that  the  reduction  in  range  of  a 
desired  f-m  station  due  to  these  ef¬ 
fects  might  amount  to  a  decrease 
from  120  miles  range  to  60  miles 
range  in  the  case  of  a  powerful 
transmitter  but  much  less  reduction 
in  the  case  of  lower  power  transmit¬ 
ters.  It  was  also  pointed  out  that 
the  interference  effects  are  serious 
only  in  the  maximum  sunspot  years, 
and  then  in  the  middle  of  the  day. 
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at  the 
Propagation 
Laboratory  under  the  joint  control 
rtf  the  Army  and  Navy.  Information 
previously  classified  as  confidential 
was  released  by  the  Joint  Chiefs  of 
Staff  for  the  FCC  hearing.  Dr. 
Norton  pointed  out  that  F-layer  re¬ 
flections,  present  at  the  longer  dis¬ 
tances,  can  cause  interference  for 
several  percent  of  the  total  time 
during  sun-spot  maxima,  at  fre¬ 
quencies  lower  than  60  Me,  and  for 
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Panel  6  of  the  RTPB,  whose  re- 
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FIG.  6 — Aeronautical  provress  in  the  post-war  years  will  undoubtedly  be  rapid.  So. 
spectrum-wise,  proposed  allocations  are  iust  about  as  broad  os  they  come,  wiUa 
the  basis  for  compromise  evident  when  RTPB  and  IRAC  proposals  ore  compared 


port  has  been  discussed  at  length  in 
these  pages  (Electronics,  August, 
p.  92),  recommended  that  the  pres¬ 
ent  television  standards  be  changed 
only  in  one  major  respect,  a  reduc¬ 
tion  of  the  maximum  frequency 
deviation  of  the  associated  f-m 
sound  signal.  Again  the  discussion 
hinged  on  the  extent  of  the  televi¬ 
sion  band  and  its  position  in  the 
spectrum  (Fig.  3). 

Panel  6  requested  nine  commer¬ 
cial  channels  in  a  solid  block  from 
60  to  114  Me,  and  17  additional 
channels  in  the  range  from  120  to 
246  Me.  The  IRAC  urged  that  9 
channels  be  assigned  from  54  to  108 
Me,  but  that  this  amount  should 
suffice  for  television  in  the  immedi- 


appreciable  periods  even  up  to  120 
Me.  At  88  Me,  he  believes  that 
mutual  interference  between  two 
widely  separated  stations  would  be 
limited  to  less  than  one  hour  per 
year.  But  frequencies  from  40  to 
60  Me,  now  urged  as  the  f-m  band, 
are  open  to  serious  interference  po- 
tentidities.  This  evidence  has  some 
bearing  on  television  assignments 
as  well,  although  television  assign¬ 
ments  are  higher  in  frequency,  be¬ 
cause  the  picture  transmission  uses 
amplitude  modulation  which  is 
more  susceptible  to  interference 
than  f-m  transmissions. 

Major  Armstrong  questioned  Dr. 
Norton  concerning  these  measure¬ 
ments,  particularly  in  view  of  the 
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(ARRL)  appears  almost  resigned 
to  this  loss,  but  officially  requests 
that  the  band,  or  as  much  of  it  as 
possible,  be  reinstated  at  the  close 
of  the  war. 

ARRL  proposes  that  the  80,  40, 
20  and  10  meter  bands  remain  un¬ 
changed,  and  the  IRAC  proposes 
only  minor  changes,  including  less 
space  on  80  meters  and  more  on  40 
meters. 

ARRL  and  IRAC  urge  a  new 
band  at  15  meters,  space  not  widely 
useful  to  other  services. 

The  IRAC  urges  that  the  five 
meter  band  be  given  to  television 
and  FM,  but  ARRL  (and  RTPB) 
urge  it  remain  unchanged. 

The  real  pie  for  the  experimen¬ 
tally  inclined  amateurs  lies  above 
400  Me.  Here  the  ARRL  proposes  a 
series  of  seven  harmonically  related 
bands  which  run  clear  up  to  30,000 
Me  (1-cm).  IRAC  agrees  that  the 
hams  should  have  room  in  this  re¬ 
gion,  offering  six  bands  up  to  22,- 
000  Me. 

The  ARRL  revealed  that  surveys 
of  postwar  prospects  indicate  a  ham 
population  of  over  100,000  at  the 
conclusion  of  hostilities  and  250,- 
000  five  years  later.  Gl-Joes  trained 
in  electronics  are  going  to  wind  up 
in  a  very  dense  crowd  indeed ! 

IndNstrial,  Medical,  ScienfHic  Service* 

The  RTPB  proposals  shown  in 
Fig.  5  are  perhaps  the  most  start¬ 
ling  of  all  those  presented  at  the 
Hearing. 

It  is  urged  that  the  interference 
caused  by  industrial  heating  equip¬ 
ment,  diathermy  machines,  cyclot¬ 
rons,  etc.  generating  r-f  power 
recognized  and  that  these  sources 
of  interference  be  herded  into  bands 
especially  reserved  for  them.  Un- 
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>  7 — Police  channel  ascignmenU  represent  a  bone  ol  contention  between  IRAC 
RTPB.  The  ionher  would  coniine  all  such  service  to  a  narrow  v-h-i  bond,  the 
latter  would  continue  existing  m-i  and  h-i  bonds  and  open  up  the  v-h-f  too 


ate  future^  It  was,  furthermore, 
reconunended  that  television  of  the 
more  distant  future  should  reside 
above  400  Me  and  a  large  block  of 
frequencies  from  460  to  956  Me, 
suitable  for  channels  16  Me  or  more 
in  width  was  suggested.  The  RTPB 
agreed  that  space  should  be  re¬ 
served  for  experimental  television 
in  this  range,  and  asked  for  600 
Me  of  space  in  this  general  region, 
but  did  not  specify  the  exact  limits. 
In  addition,  the  RTPB  Panel  wants 
relay  channels  totalling  600  Me  in 
the  u-h-f  spectrum  and  1200  Me 
for  experimentation  between  3000 
and  10,000  Me.  It  also  wants  ex¬ 
perimental  space  somewhere  be¬ 
tween  10,000  and  30,000  Me. 

The  IRAC  proposal  drew  support 
from  Paul  Kesten  of  CBS  and  for¬ 
mer  FCC  Commissioner  T.  A.  M. 
Craven,  both  of  whom  urged  that 
wideband  television  be  authorized 
now  in  channels  in  the  vicinity  of 
500  to  1000  Me.  Mr.  Kesten  urged 
that  the  present  service  on  channels 
up  to  108  Me  be  continued  but  that 
the  public  be  warned  that  it  is  an 
interim  service  to  be  replaced  as 
soon  as  possible  by  a  higher  defini¬ 
tion  service.  To  this  point  of  view 
representatives  of  RCA,  and  others 
supporting  the  RTPB,  took  violent 
exception.  It  was  pointed  out  that 
there  was  no  equipment  or  system 
available,  even  in  the  laboratories, 
to  use  a  channel  substantially  wider 
than  6  Me,  and  it  was  argued  that  if 
the  service  were  not  established, 
without  reservations,  on  channels 
from  60  to  114  Me,  television  for 
the  public  would  be  put  back  at  least 
five  years.  It  was  also  pointed  out 
that  network  connections  involving 
a  16-Mc  band  were  at  present  im¬ 
possible  and  that  such  higher  qual¬ 


ity  service  could  not  be  supported 
without  syndicating  the  costs  over 
a  network. 

It  was  evident  that  the  bjilk  of 
the  industry  was  behind  the  RTPB 
proposals,  although  all  urged  that 
experimentation  toward  a  better 
system  be  continued,  the  public  be¬ 
ing  meanwhile  assured  that  the 
introduction  of  any  new  service, 
when  ready,  would  not  -  obsolete 
equipment  then  in  use.  This  would 
mean  duplicate  transmissions,  but 
it  was  argued  that  the  cost  of  such 
transmissions  would  be  small  com¬ 
pared  with  program  costs,  and  that 
the  situation  would  be  comparable 
to  present  sound  broadcasting  with 
standard  and  f-m  stations  offering 
substantially  the  same  programs. 


Amotaar  Baadt 

That  the  amateur  game  has  a 
bright  future  may  be  guessed  from 
the  proposals  shown  in  Fig.  4.  The 
IRAC  (and  RTPB)  recommends 
that  the  160  meter  band  be  elimin¬ 
ated  in  favor  of  a  navigational 
service,  still  classified  in  nature,  but 
evident  to  those  who  have  moni¬ 
tored  this  band  in  recent  months. 
The  American  Radio  Relay  League 


SPfiClAL  EMERAENCY  (UTILITIES) 


RTPB 


mo  Me’ 


500 Me 


S^Ue 


FIG.  8 — Special  emergency  eenricee  inch  a>  those  used  by  public  utilities  will 
few  frequencies,  but  nothing  radical  in  this  direction 
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fortunately,  interference  created 
by  such  devices  covers  the  whole 
spectrum,  and  certain  specific  fre¬ 
quencies  are  needed  for  efficient 
equipment  operation.  For  example, 
a  wide  band  from  25  to  30  Me  is 
required  for  self-excited  oscillators 
of  the  diathermy  type. 

Since  none  of  the  services  in¬ 
cluded  in  this  category  is  a  radio 
service  per  se,  there  remains  a  legal 
question  as  to  whether  the  Com¬ 
munications  Act  covers  them.  That 
the  idea  of  considering  allocation  is 
a  good  one  cannot  be  doubted,  but 
the  conflict  of  the  proposed  alloca¬ 
tion  with  other  services  is  only  too 

evident.  ^  variety  of  services  euphemis-  8  of  RTPB.  There  is  a  considerable 

tically  called  “navigational.”  variety  of  services  involved  here, 

AvrenaMticel  CkanN*ls  including  coastal  and  ship  telegraph 

In  aviation,  the  radio  business  and  telephone,  point-to-point  tele¬ 

meets  a  partner  whose  post-war  The  police  were  somewhat  put  graph  and  telephone,  and,  in  the 
prospects  are  very  similar  to  its  out  by  the  IRAC  plan  shown  in  higher  frequencies,  special  remote- 

own,  that  is,  much  down  from  war-  Fig.  7,  which  proposes  to  liquidate  controlled  telephone  service  for 

time  levels  but  much  up  from  pre-  the  present  police  bands  in  favor  of  rural  regions, 

war  levels.  two  narrow  channels  between  37  Ther  hearings  ended  November  3, 

To  meet  the  needs  of  the  expand-  and  40  Me.  Apparently  the  Inde-  following  presentation  by  RTPB 

ing  air  services.  Panel  11  of  the  partment  Radio  Advisory  people  Panel  2  of  final  recommendations, 

RTPB  proposed  the  scheme  shown  have  had  unfortunate  experiences  based  on  all  evidence  presented,  for 

in  Fig.  6.  Spectrum-wise,  this  alio-  with  parking  tickets.  allocations  from  23.5  to  30,000  Me. 

cation  is  just  about  as  broad  as  they  The  RTPB,  on  the  other  hand.  This  allocation,  shown  in  Fig.  9,  is 
come,  extending  from  below  200  kc  recognizes  police  radio  service  as  expected  to  have  great  influence  on 

to  10,000  Me.  It  would  permit  an  essential,  and  proposes  that  the  ex-  the  final  decisions  of  the  Commis- 

airplane  to  be  entirely  filled  with  isting  bands  below  30  Me  be  con-  sion. 

radio  equipment  to  the  exclusion  of-  solidated,  and  full,  bands  from  30  Time  was  not  available  to  prepare 

passengers.  to  40  Me  be  assigned  to  mobile  po-  a  full  digest  of  this  latter  report. 

Specifically,  RTPB  and  IRAC  lice  to  replace  the  present  individual  However,  the  most  prominent  fea- 

agree  that  the  radio-range  beacon  channels  in  that  part  of  the  spec-  ture  is  the  recommendation  that 

band  from  200  to  400  kc  be  con-  trum.  Larger  groups  of  space  are  television  and  non-government 
tinned  and  extended  to  415  kc.  They  also  requested  between  116  and  118  emergency  services  be  placed  on 
both  agree  that  the  band  from  1800  Me,  and  from  320  to  330  Me.  shared  channels  from  60  to  212  Me, 

to  2000  kc,  lately  the  province  of  the  The  importance  of  special  emer-  providing  18  six-megacycle  televi- 
amateurs,  should  be  reserved  for  a  gency  service  used  by  electric,  gas,  sion  channels  and  also  permitting 
new  navigation  device.  The  region  water  and  transport  utilities  was  emergency  service  to  use  this  space 
from  3000  kc  to  30  Me,  now  thor-  explained  by  RTPB  Panel  13,  but  in  areas  where  no  mutual  interfer- 
oughly  populated  with  air-to-  the  requests  for  new  space  only  ence  would  be  caused.  The  five- 
ground  and  fixed  point-to-point  air  slightly  exceed  existing  facilities,  meter  amateur  band  is  retained  in 
service,  is  continued,  with  more  as  shown  in  Fig.  8.  Two  new  bands  abbreviated  form,  and  f-m  broad- 
space  reserved  exclusively  for  avi-  near  300  Me  are  requested.  It  was  casting  is  given  the  space  from  43 
ation.  pointed  out  that  v-h-f  and  u-h-f  to  58  Me.  The  television  band 

IRAC  asks  for  space  from  30  to  bands  are  not  always  useful  for  recommended  by  IRAC  from  460  to 
42  Me,  but  RTPB  has  other  plans  emergency  service  due  to  shadows  956  Me  is  specified  for  television 
for  this  (police  and  similar  serv-  thrown  by  buildings  and  hills,  broadcasting,  but  on  an  experimen- 
ices).  IRAC  and  RTPB  Panel  11  which  may  be  circumvented  by  m-f  tal  basis,  in  line  with  previous 
agree  that  the  region  from  108  to  and  h-f  assignments.  RTPB  recommendations. 

132  Me  now  widely  used  for  airport  .  Comparisons  between  this  alloca- 

control  should  be  continued.  Here,  ComnumieatioB*  Services  •  proposals  illus- 

however,  a  conflict  exists  with  the  The  broad  subject  of  handling  trated  show  a  general  trend  of  com- 
RTPB  television  plan.  telegraphic  and  telephonic  mes-  promise,  which  is  the  only  possible 

Between  956  and  3900  Me  the  sages  between  fixed  and  mobile  approach  to  a  very  complicated 

IRAC  and  RTPB  have  got  together,  points  was  taken  in  hand  by  Panel  problem. — D.G.F. 


signed 

Hjuestfi 

f  it  as 
-  close 


nNAL  RTPB  RCCOMk«NDATtONS>23  Me  TO  30.000  Me 


:(W  1M  iMtUta  K 


RTPB 


MOMc 


sown: 


E  -  Hort-^omrnmtnf  ^mtr^tnCY 
hi  -  Air  namk/mthn  aims 
6  *  Gonfrnmtnf 
S  *  SiuAm  Unka 
Ik*  £xi>arfm*nfai  tthaision 
JTr  *  Tait^ithn  rakry 


XrA'trtdufiriai  appUcafions 
Am  ■‘Aarmiaur 

tHt*  Map'jgonammani  amarfathy 
anat  ntiac 

FM‘  FrpqpMrtcy  mottufation 
T-  Wavision 


N  •  Nan/igafiOfi  a'nta 
R  •  Pakty  sarvksa 
Ax-  Aaronmutieal  aaparlmantmt 
H*-Aa/ay  aapa'/manhii 
&par/m«i»iaf 
kp~Air  mokUa 


FIG.  9 — Fined  RTPB  recommendations  relotlTe  to  assignment  of  frequencies  between 
23  and  30.000  Me.  representing  a  compromise  on  certain  conflicting  proposals 
presented  earlier,  concluded  the  FCC  Hearing 
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REFLECTIVE  OPTICS  IN 


Development  of  a  process  for  molding  large  aspherical  correcting  lenses  from  clear  plastics 
now  makes  projection  television  techniques  economical  and  practical  for  home  receivers 
as  well  as  theater  systems.  Optical  principles,  mechanical  mounting  problems,  design  of 
correcting  lenses,  molding  methods  and  a  receiver  console  arrangement  are  presented 


FIG.  1 — Optical  lyttam  oi  th«  *o-caU*d 
Schmidt  aitronoaiical  canwra.  odoptod 
by  RCA  for  um  in  proioction  tolorision 
■yttonu 


Mirror- 


Arromgomoni  oi  optical  syBlom  for  a 
homo  toloTision  rocoioor  omploying  ro- 
floctlTo  optical  principlos.  This  dosign 
gioos  a  lorgo-scroon  picture  with  a 
console  cobinet  no  deeper  than  that  of 
an  ordinary  home  radio  recelrer 


By  I.  6.  MALOFF  a 

RCA.  Victor  Division  • 
Radio  Corp.  of  America 
Camden,  M.  J. 


IT  has  been  known  for  a  long  time 
■  that  aspherical  surfaces  in  com¬ 
bination  with  either  spherical  or 
aspherical  mirrors  may  be  arranged 
into  optical  systems  of  high  aper¬ 
ture  and  high  definition.  Astron¬ 
omers  made  ure  of  this  principle  in 
an  arrangement  •consisting  of  a 
spherical  mirror  and  an  aspherical 
lens;  however,  high  costs  and  diffi-, 
culties  in  constructing  such  sys¬ 
tems  prevented  their  general  utiliz¬ 
ation. 

In  searching  for  efficient  optical 
systems  for  projecting  television 
images  originating  on  screens  of 
cathode-ray  tubes,  the  principle  of 
reflective  optical  systems  has  been 
made  a  subject  of  concentrated 
study  and  experimentation.  This 
has  resulted  in  the  development  of 
a  number  of  reflective  optical  sys¬ 
tems  suitable  for  projecting  tele¬ 
vision  images  with  diagonals  rang¬ 
ing  from  25  inches  to  25  feet.  RCA 
systems  consist  of  a  spherical  front 
surface  mirror  and  an  aspherical 
lens,  positive  in  the  central  portion 
and  gradually  changing  into  nega¬ 
tive  near  its  periphery.  The  gain 
in  illumination  on  the  viewing 
screen  with  the  new  systems  is 
about  six  or  seven  to  one  when  com¬ 
pared  with  a  conventional  //2  lens. 
The  quality  of  the  images  obtained 
is  comparable  with  images  pro¬ 
duced  by  conventional  projection 
lenses. 

The  main  handicap  of  the  new 
system,  the  high  cost  of  the  aspheri¬ 
cal  lens,  has  been  overcome  by  the 


d  0.  W.  EPSTEIN 

RCA  Laboratoriee 
Princeton,  N.  J. 


development  of  machines  for  mak¬ 
ing  aspherical  molds  and  by  devel¬ 
opment  of  a  process  for  molding 
aspherical  lenses  from  plastics. 
RCA  reflective  optical  systems  are 
designed  for  a  fixed  image  distance 
and  require  cathode-ray  tubes  hav¬ 
ing  face-curvatures  fixed  in  rela¬ 
tion  to  the  curvature  of  the  mirrors 
in  the  system.  The  last  two  factors, 
while  limiting  the  versatility  of  a 
given  system,  appear  to  be  a  small 
price  to  pay  for  the  manifold  gain 
in  light.  The  design,  manufactur¬ 
ing,  installation  and  servicing  of 
the  RCA  reflective  optical  systems 
have  been  improved  and  simplified 
to  such  a  point  that  these  systems 
can  be  considered  as  proven  tools 
in  television  and  oscillographic 
techniques.  Reflective  systems  de¬ 
signed  for  infinite  throw  have  been 
already  applied  successfully  to  tele¬ 
vision  outdoor  pickup  cameras  with 
the  same  manifold  gain  in  light. 

Aaalysls  of  the  Problem 

The  problem  of  projecting  im¬ 
ages  originating  on  the  screens  of 
cathode-ray  tubes  has  received  a 
great  deal  of  attention  from  in¬ 
vestigators  here  and  abroad  over  a 
period  of  years.  It  has  been  shown^ 
that  the  space  distribution  of  light 
emitted  by  the  screen  of  a  cathode- 
ray  tube  follows  very  closely  the 
cosine  or  Lambert  law  of  perfectly 
diffusing  surfaces.  When  a  lens 


From  a  papor  proMontod  at  tho  National 
Electronics  Conloroneo,  Chlcogo,  IM4. 
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such  ^  as  the  conventional  motion- 
picture  projection  lens, is  used  to 
project  a  cathode-ray  tube  image 
onto  a  viewing  screen,  the  overall 
efficiency  of  such  a  system  is  ex¬ 
tremely  low. 

In  motion-picture  projection  most 
of  the  light  striking  the  film 
is  delivered  to  the  viewing  screen, 
except  of  course  for  the  light  ab¬ 
sorbed  by  the  darkened  portions  of 
the  film,  thus  creating  the  picture 
itself.  However,  when  projecting 
light  from  a  perfectly  diffusing  sur¬ 
face  onto  a  viewing  screen  by 
means  of  the  same  lens,  much  of  the 
light  is  lost.  For  large  magnifica¬ 
tions  the  following  relation  holds : 

(lumens  on'viwring  screen) 

(lumens  on  tube) 

K~100% 

where  K  is  the  transmission  coef¬ 
ficient  of  the  lens  and  f  is  the  // 
number  of  the  lens*.  Good,  commer¬ 
cially  available,  treated  projection 
lenses  having  a  relative  aperture  of 
f/2  and  a  transmission  coefficient 
of  nearly  100  percent,  collect  from 
the  tube  and  deliver  at  large  mag¬ 
nification  to  the  viewing  screen 
only  6.25  percent  of  the  light  gen¬ 
erated.* 

The  image  on  the  face  of  the 
cathode-ray  tube  is  obtained  at  a 
relatively  high  cost  in  equipment, 
effort  and  power.  Any  increase  in 
the  brightness  of  this  image  may  be 
obtained  only  at  great  cost  from  the 
standpoint  of  design  and  operation. 
For  this  reason,  the  problem  of 
providing  a  more  efficient  optical 
projection  system  has  received  a 
great  deal  of  attention.  Improve¬ 
ment  of  a  few  percent  was  of  no 
interest.  A  manifold  increase  in  the 
percentage  of  light  delivered  to  the 
screen  was  sought.  The  answer  was 
finally  found  in  modifying  a  prin¬ 
ciple  known  to  astronomers  and 
adapting  it  to  the  problem  on  hand. 

For  quite  a  long  time,**  *•  *  astron- 


Molding  press  used  for  producing  plastic  cor¬ 
recting  lenses  for  projection  telerision  systems 


the  distance  from  the  axis.  A 
spherical  mirror  has  no  axis  and  is, 
of  course,  achromatic.  If  a  small 
aperture  is  placed  at  the  center  of 
curvature  of  a  spherical  mirror, 
then  any  narrow  beam  of  parallel 
light  coming  from  any  direction 
through  this  aperture  onto  the  mir¬ 
ror  will  focus  at  a  point  located  on  a 
sphere  whose  radius  is  equal  to  half 
the  radius  of  curvature  of  the  mir¬ 
ror.  If  the  aperture  is  increased, 
spherical  aberration  becomes  ap¬ 
parent  and  the  quality  of  the  im¬ 
age  deteriorates. 

The  correcting  lens  in  the 
Schmidt  arrangement  (shown  in 
Fig.  1)  introduces  into  the  incident 
beam  an  amount  of  spherical  aber¬ 
ration  which  is  equal  to  that  intro¬ 
duced  by  the  mirror  but  is  opposite 
in  sign.  Thus,  by  placing  a  suitably 
shaped  correcting  lens  at  the  center 
of  curvature  of  the  mirror  the  non¬ 
aberration  conditipn  for  all  rays 
arriving  at  the  mirror  from  distant 
objects  may  be  retained.  The  sys¬ 
tem  is  then  free  from  the  spherical 
aberration,  while  coma,  astigma- 


omers  and  opticians  have  known 
that  optical  systems  combining 
spherical  and  aspherical  mirrors 
and  surfaces  are  capable  of  work¬ 
ing  at  very  high  relative  apertures 
and  at  the  same  time  are  remark¬ 
ably  free  from  optical  defects. 
Schmidt*  applied  this  principle  to 
astrophotography.  The  so-called 
Schmidt  camera  is  an  optical  sys¬ 
tem  (Fig.  1)  comprising  a  spheri¬ 
cal  mirror  A  and  a  weak  aspherical 
lens  B  at  the  center  of  curvature  of 
the  mirror.  Images  of  distant  ob¬ 
jects  are  formed  on  an  image  plate 
C,  which  in  itself  is  part  of  a  sphere 
of  radius  slightly  larger  than  half 
the  radius  of  the  mirror  and  located 
at  the  focal  point  of  the  system.^ 

Syst«Ni  Used  ia  Aatreaeaiy 

Of  the  outstanding  defects  of  the 
images  formed  by  optical  systems 
(spherical  and  chromatic  abera- 
tion,  coma,  astigmatism,  curvature 
of  the  field  and  distortion),  only 
spherical  aberration  is  distributed 
uniformly  over  the  whole  image 
field ;  all  other  defects  increase  with 
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I  k"*" 

S.  \  I  chose 

''^S^  I  is  coi 

'  -  I  least 

■  curve 

FIG.  3 — Spherical  aiirroi  with  on  aperture  ■  ■py^ 

that  is  not  at  the  center  of  curroture  ■  rectil 

I  or  m 

1  tern  i 

e  C  is  the  ing  the  correcting  lens  as  weak  as  I  lengl 
he  ^irror  possible  and  locating  it  in  the  plane  f  corn 
points  lo-  of  the  aperture  at  the  center  of  I  as 
f  the  axis  curvature.  In  this  way,  the  ssrm-  I  That 
metry  property  of  the  spherical  I  mize 
'  paths  for  mirror  is  least  disturbed.  The  curv-  I  mag 
with  the  ature  of  the  field  is  not  corrected  I  zero 
center  of  as  it  is  actually  used  to  good  ad-  I  cide 
the  image  vantage  in  cathode-ray  tube  pro-  I  F 
sast  confu-  jection.  I  corr 

oration  is  The  spherical  aberration  of  the  i  apei 
‘  the  same  mirror  may  be  interpreted  as  focus-  lad 
K)th  object  ing  by  means  of  zones,  each  zone  P  quit 
his  is  that  having  a  different  focal  length.  The  I  tion 
j  ray  pass-  correcting  lens  has  to  be  such  that  I  asti 
point  and  each  zone  of  the  lens  has  a  different  I  use* 
ilso  passes  focal  length,  compensating  for  the  I  afe 
rvature  of  various  focal  lengths  of  the  mirror  I  suit 
ore  also  an  and  resulting  in  a  focusing  system  Th< 
he  sphere,  with  all  zones  of  the  same  focal  ape 
at  the  cir-  length.  cor 

terpendicu-  The  shape  of  the  correcting  lens  obj 

and  there-  will  thus  depend  upon  the  zonal  ma 
ated  with  focal  length  of  the  mirror  one  cor 
ixis  is  non-  chooses  as  the  focal  length  of  the  ere 
ith  respect  optical  system  (mirror  plus  cor-  gi^ 
'his  causes  recting  lens).  Since  theoretically  ' 

e  light  dis-  there  are  an  infinite  number  of  fo< 
:  least  con-  zones  on  the  mirror,  there  are  theo-  ne 
imetry  be-  retically  an  infinite  number  of  cor-  tu 
nly  in  the  recting  lens  shapes  that  will  pro-  sh 
(large  ob-  duce  a  system  in  which  all  zones  tu 
have  the  same  focal  length.  sp 

Figure  3  shows  the  imaging  prop-  Since  the  mirror  with  an  aper-  ell 

erties  of  a  mirror  with  the  aperture  ture  at  the  center  of  curvature  has  ce 

located  not  at  the  center  of  curva-  no  extra-axial  or  chromatic  aber-  ci 

ture.  It  is  seen  that  there  is  barely  rations,  such  aberrations  are  caused  fc 

any  sign  of  image  formation  for  the,  by  the  correcting  lens  itself,  i.e.,  by  b< 

off-axis  object  point.  the  power  or  slopes  on  the  correct-  ci 

ing  lens.  From  the  standpoint  of  k 

Piirpos.  of  corroetiog  Loot  ^^ese  aberrations,  therefore,  that 

The  object  of  the  correcting  lens  shape  should  be  chosen  whose  max¬ 
is  to  correct  for  the  spherical  aber-  imum  slope  is  the  least.  Thus  if  the 

ration  of  the  mirror  without  intro-  paraxial  (central)  focal  length  of  e 

ducing  any  serious  aberrations  of  the  mirror  is  chosen  as  that  of  the  i 

itself.  This  is  accomplished  by  mak-  system,  then  the  central  focal  r 


FIG.  2 — Spharicol  minor  with  on 
oportnro  at  its  contor  of  enrroturo 


tism  and  chromatic  aberration  in¬ 
troduced  by  the  correcting  lens  are 
minimized  by  proper  shaping  of 
this  lens. 


Systoms  for  Tolovisioa  ProfoctioR 

When  a  reflective  optical  system 
is  used  for  projecting  images  orig¬ 
inating  on  luminescent  screens  of 
cathode-ray  tubes,  the  requirements 
which  the  optical  system  must  fulfill 
are  considerably  different  from 
those  of  the  Schmidt  camera.  The 
most  important  difference  is  that 
the  light  from  a  point  on  the  lumi¬ 
nescent  screen  does  not  emerge 
from  the  optical  system  as  a  bun¬ 
dle  of  parallel  light.  On  the  con¬ 
trary,  it  emerges  as  a  bundle  con¬ 
verging  to  a  point  or  focus  at  a 
definite  distance.  This  finite  throw 
system  is  radically  different  from 
that  of  the  infinite  throw.  The 
other  difference  is  that  the  thick¬ 
ness  of  the  glass  face  plate  of  the 
cathode-ray  tube  introduces  a  cer¬ 
tain  amount  of  spherical  aberra¬ 
tion,  which  has  to  be  taken  into  ac¬ 
count  when  balancing  the  spherical 
aberration  of  the  correcting  lens 
against  that  of  the  mirror. 

The  outstanding  advantage  of  an 
optical  system  such  as  that  shown 
in  Fig.  1  over  a  more  conventional 
optical  system  is  its  ability  to  focus 
a  large  field  (large  tube  diameter) 
with  a  large  relative  aperture.  As 
was  mentioned  already,  such  a  sys¬ 
tem  possesses  this  property  pri¬ 
marily  because  a  spherical  mirror 
with  an  aperture  located  at  the 
center  of  curvature  of  the  mirror 
suffers  from  only  two  aberrations, 
spherical  aberration  which  is  uni¬ 
form  all  over  the  field,  and  curva¬ 
ture  of  the  field.  This  may  be  seen 
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length  of  the  correcting  lens  is  in¬ 
finite  and  the  shape  of  the  curve  is 
concave.  Alternatively,  if  a  zonal 
focal  length  of  the  mirror  is  chosen 
as  that  of  the  system  there  “will  be 
a  zonal  focal  length  of  the  correct¬ 
ing  lens  which  is  infinite  and  the 
shape  of  the  curve  is  convex  at  the 
center  and  concave  past  this  zone. 
If  a  peripheral  focal  length  is 
chosen,  the  required  correcting  lens 
is  convex.  The  maximum  slope  is 
least  for  a  convex-flat-concave 
curve. 

The  shape  and  size  of  the  cor¬ 
recting  lens  depend  upon  the  throw 
or  magnification  for  which  the  sys¬ 
tem  is  to  be  used.  For  a  given  focal 
length  and  relative  aperture,  the 
correcting  lens  aperture  decreases 
as  the  magnification  decreases. 
That  this  must  be  so,  may  be  sur¬ 
mized  from  the  fact  that  for  unity 
magnification  the  plate  aperture  is 
zero,  since  object  and  image  coin¬ 
cide  at  the  center  of  curvature. 

Figure  4  shows  the  variation  of 
correcting  lens  aperture  and  mirror 
aperture  with  magnification.  Thus, 
a  different  correcting  lens  is  re¬ 
quired  for  each  throw  or  magnifica¬ 
tion.  If  a  high  relative  aperture 
astronomical  Schmidt  camera  is 
used  for  projection  at  a  throw  only 
a  few  times  the  focal  length,  the  re¬ 
sulting  image  is  of  poor  quality. 
The  reason  is  that  a  high  relative 
aperture  optical  system  can  be  well- 
corrected  for  only  one  position  of 
object  and  image.  The  throw  or 
magnification  tolerance  for  a  given 
correcting  lens  decreases  with  in¬ 
creased  relative  aperture  for  a 
given  resolution. 

To  obtain  a  flat  image  field,  i.e., 
focus  on  a  flat  viewing  screen,  it  is 
necessary  that  the  object  field  or 
tube  face  be  curved.  Calculations 
show  that  in  general  the  shape  of 
tube  face  depends  on  the  throw — a 
sphere  for  infinite  throw  and  an 
ellipsoid  for  finite  throw.  The  ec¬ 
centricity  of  the  ellipsoid  is  suffi¬ 
ciently  small,  however,  so  that  even 
for  finite  throw  the  tube  face  may 
be  made  spherical  with  a  radius  of 
curvature  equal  to  that  of  the  focal 
length  of  the  system. 


at  the  image  point  I  located  at  a  calculated  to  about  the  same  accur- 
distance  S  from  the  correcting  lens,  acy  as  that  obtained  with  the  equa- 
Figure  5  shows  three  rays  emanat-  tion  given  by  Hendrix  and  Christie^ 

ing  from  0  and  striking  the  mirror  for  infinite  throw,  from  the  for- 

at  different  apertures.  Without  the  mula 
presence  of  the  correcting  lens,  rays  1 

1,  2,  3  would  intersect  the  axis  at  *  N  —l  LT  V~p  /*  ^  ~ 

distances  and  q,  from  the  ^ 

center  of  curvature.  The  slopes  on  2  V  ^  T  /  J 

the  correcting  lens  have  to  be  such  or  from  its  equivalent 
(approximately  as  shown  on  Fig. 

5)  that  dll  three  rays  intersect  at 
7 ;  hence,  the  correcting  lens  has  a 
flat  zone  at  the  point  where,  ray  2 
passes,  negative  slope  where  ray  1 
passes  and  positive  slope  where  ray 
3  passes. 

Considered  from  the  point  of 
view  of  spherical  aberration,  if  the 
zone  where  ray  2  strikes  the  mirror 
is  taken  as  a  reference,  .then  the 
mirror  has  negative  spherical  aber¬ 
ration  for  smaller  apertures  and 
thus  requires  a  positive  lens  for 
correction,  and  positive  spherical 
aberration  for  larger  apertures  and 
thus  requires  a  negative  lens. 

The  shape  of  the  curve  of  the  cor¬ 
recting  lens  for  any  throw  may  be 

All  distances  in  the  above  equations 

I  ...  ■  .  - -  -|  are  measured  in  terms  of  the  radius 

I  ojj; - j - — I - — j  I  of  curvature  of  the  mirror,  i.e.,  the 

radius  of  curvature  is  taken  as  the 
unit  of  length. 

In  applications  such  as  projec¬ 
tion  television,  the  light  emitted  by 
the  luminescent  screen  first  passes 
through  a  thickness  of  glass  con¬ 
stituting  the  tube  face.  Although 
the  effect  of  the  tube  face  is  small 
in  cases  of  high  //number,  it  be¬ 
comes  quite  appreciable  for  a  low 
//number  system.  The  fact  that 
the  tube  face  is  curved  endows  it 
with  some  power  and  actually  alters 


where  d  is  the  depth  of  the  curve  at 
the  zone  of  radius  x,  p  is  the  distance 
between  object  (tube  face)  and 
center  of  curvature  of  the  mirror, 
S  is  the  distance  between  image 
(viewing  screen)  and  center  of 
curvature  of  the  mirror,  and  m  is 
the  magnification.  The  relation  be¬ 
tween  the  quantities  p,  S,  m  and  the 
focal  length  /  of  the  system  is 
given  by 


Sern  taper /-are  of  mirror 
^for , axial  poini,  — 


Magnification 


FIG.  4 — ^Mannar  in  which  the  eemi- 
aperture*  of  the  mirror  and  correcting 
leu  Tory  with  magnification 


Design  of  Correcting  Lens 

The  shape  of  the  correcting  lens 
must  be  such  that  all  rays  emanat¬ 
ing  from  an  object  point  0,  and 
reflected  by  the  mirror,  shall  meet 


FIG.  5 — Diagram  illutroting  how  a  iiiitably  deigned  correcting  leu  makn  the 
required  correctiou  for  spherical  aberration 
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FIG.  6 — Eiiiciancy  oi  a  timpl*  lens  decreases  as  the  lens  is  mored  away  from 
its  source  to  decrease  the  magnification 


the  magnification  of  the  system 
slightly.  However,  the  largest  ef¬ 
fect,  of  the  tube  face  is  caused  by 
its  spherical  aberration.  The  pres¬ 
ence  of  the  tube  face  necessitates  a 
change  in  the  shape  of  the  correct¬ 
ing  lens.  For  a  convex-concave  cor¬ 
recting  lens,  the  spherical  aberra¬ 
tion  of  the  tube  face  calls  for 
greater  correction  from  the  convex 
portion  and  smaller  correction  from 
the  concave  portion. 

Equations  (1)  and  (2)  are  not 
sufficiently  accurate  to  determine 
the  shape  of  the  correcting  lens  for 
systems  with  high  relative  aper¬ 
tures.  It  was  found  that  the  best 
method  of  determining  accurately 
the  shape  of  the  correcting  lens  is 
the  old  reliable  and  rather  tedious, 
but  very  accurate  method  of  trac¬ 
ing  rays  through  the  system  con¬ 
sisting  of  the  tube  face,  mirror  and 
correcting  lens. 

ProjaetioR  E1lic!*ncy 

The  projection  efficiency  of  any 
optical  system  will  be  defined  as  the 
percentage  of  the  total  light  fiux, 
in  lumens,  emitted  in  a  forward  di¬ 
rection  by  an  axial  element  of  a 
perfectly  dislfusing  source,  such  as 
a  luminescent  screen  of  a  cathode- 
ray  tube,  which  the  optical  system 
accepts  and  focuses  on  the  corres¬ 
ponding  image  element,  assuming 
100  percent  mirror  reflection  and 
100  percent  lens  transmission. 

The  efficiency,  e,  in  percent  as  de¬ 
fined  above  is  given  by:  e  =  1008irfl7. 
where  U  is  the  semi-apex  angle 
shown  on  Fig.  6.  Hence,  to  deter¬ 
mine  the  efficiency  of  a  lens  for  a 
perfectly  diffusing  source,  it  is 
merely  necessary  to  know  the  an¬ 
gle  that  the  lens,  or  entrance  pupil, 
subtends  at  the  source.  As  may  be 
seen  from  Fig.  6,  the  farther  a 


FIG.  7 — Variation  oi  lens  eiiiciency 
with  its  //number 


given  lens  is  from  a  source,  i.e.,  the 
smaller  the  magnification,  the  lower 
is  the  efficiency  of  the  lens. 

It  has  become  customary  to  rate 
a  lens  by  its  //number  for  infinite 
magnification,  i.e.,  object  located  at 
the  focal  point  of  the  lens.  The 
//number  is  defined  as 

//number  »  0.5  sin  17  =  0.6  Ve® 
where  e  ®  is  the  efficiency  (a  frac¬ 
tion,  not  percent)  for  infinite  mag¬ 
nification.  The  smallest  //number 
possible  is  0.5,  since  at  0.5  the  effi¬ 
ciency  is  unity  and  all  the  light 
emitted  by  the  object  element  in  a 
forward  direction  is  concentrated 
in  the  image  element.  Figure  7 
shows  the  efficiency  e  »  of  a  lens  as 
a  function  of  //number.  It  is  seen 
that  the  efficiency  of  most  lenses  is 
very  low. 

As  already  mentioned,  the  effi¬ 
ciency  of  a  given  lens  decreases 
when  the  magnification  or  throw  de¬ 
creases.  This  factor  becomes  of  im¬ 
portance  in  the  case  of  home  pro¬ 
jection,  where  magnifications  as 
low  as  5  may  be  used.  Thus  an  or¬ 
dinary  //2  lens  having  an  e®  of 


6.25  percent  will  have  an  efficiency 
of  4.6  percent  when  used  for  a 
magnification  of  6. 

Since  the  reflective  optical  sys¬ 
tems  under  consideration  are  de¬ 
signed  for  a  specific  magnification 
and  since  the  central  part  of  the 
system  is  masked  to  maintain  con¬ 
trast,  this  part  being  blocked  by 
the  cathode-ray  tube,  it  seems  pref- 
erable  to  rate  such  systems  by 
their  efficiencies  rather  than  // 
number. 

Let  e%  be  the  efficiency  of  the  sys¬ 
tem  with  no  masking  and  Ci  the  effi¬ 
ciency  of  the  central  part  of  the 
system  that  is  masked.  The  effi¬ 
ciency  e  of  the  masked  system 
is  then  simply 

«"(««  —  «i)  100%. 

Here  Co  and  Cj  (fractions,  not  per¬ 
cent)  may  be  calculated  approxi¬ 
mately  from  the  equations 


W  _  A.*  w* 
p*  “  />  (m  -  1)» 


where  h,  is  the  semiaperture  of 
the  correcting  lens  and  h,  is  half 
the  diameter  of  the  tube  face.  For 
high-efficiency  systems  e#  will  be 
above  40  percent  and  e,  approxi¬ 
mately  10  percent  so  e,  the  efficiency 
of  the  system  with  blocking,  will 
be  about  30  percent.  Neglecting 
losses  in  the  system,  about  30  per¬ 
cent  of  the  light  emitted  by  an 
axial  point  will  be  focused  into  an 
image  point.  This  corresponds  to 
the  efficiency  of  an  //0.8  lens  used 
at  a  magnification  of  6. 

AligRRienf  Requirements 

The  center  of  the  correcting  lens 
must  be  located  at  the  center  of 
curvature  of  the  mirror  and,  for 
uniform  illumination  over  the  field, 
the  axis  of  symmetry  of  the  cor¬ 
recting  lens  should  preferably  coin¬ 
cide  with  the  axis  of  symmetry  of 
the  periphery  (circle)  of  tl^e  mir¬ 
ror.  The  tube  face  must  be  located 
so  that  the  center  of  curvature  of 
the  tube  face  lies  on  the  axis  of 
symmetry  of  the  correcting  lens. 
For  uniform  illumination  over  the 
field,  the  axes  of  symmetry  of 
periphery  of  tube  face  and  cor¬ 
recting  lens  should  preferably  coin¬ 
cide.  The  tube  face  should,  of 
course,  be  located  at  the  correct 
axial  distance  from  mirror  or  eor- 
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reeling  lens  for  focusing.  The  view-  A  number  of  such  reflective  pro- 
ing  screen  should  be  normal  to  the  jection  systems  suitable  for  home 
axis  and  at  the  correct  throw.  reci^ivers  of  the  type  described 

The  most  critical  alignment  items  have  been  designed,  built  and  op- 
are:  (1)  Lateral  displacement  of  erated  in  actual  receivers.  The 
the  center  of  the  correcting  lens  smallest  of  these  was  built  for  use 
from  an  axis  of  symmetry  of  the  with  a  cathode-ray  tube  having  face 
mirror,  i.e,,  a  line  passing  through  diameter  of  3  inches,  and  consists 
the  center  of  curvature  of  the  mir-  of  a  spherical  mirror  9  inches  in 
ror;  (2)  Lateral  displacement  of  diameter  and  a  correcting  lens  6 
the  center  of  curvature  of  the  tube  inches  in  diameter.  The  largest  has 
from  the  axis  of  symmetry  of  the  tube,  mirror  and  lens  diameters  of 
system.  For  good  resolution  these  5,  14  and  9.5  inches  respectively, 
displacements  should  be  kept  within  A  number  of  systems  in  sizes  in- 
0.001  R,  where  R  is  the  radius  of  termediate  between  the  two  just  de¬ 
curvature  of  the  mirror.  The  per-  scribed  have  been  built.  The  throw 
missible  tolerances  on  other  align-  or  distance  between  the  correcting 
ments  are  about  10  times  greater,  lens  and  the  viewing  screen  varies 

There  are  two  distinct  applies-  between  36  and  54  inches  and  the 
tions  for  projection  television,  optical  efficiencies  are  between  18 
namely,  in  theater  television  equip-  and  35  percent.  In  resolution  and 
ment  and  in  television  receivers  contrast  these  systems  compare 
for  home  use.  favorably  with  well-corrected  con¬ 

ventional  projection  lenses,  and  do 
Proicetion  Receivers  for  Home  performance*  of  pres- 

In  a  self-contained  projection  ent  television  systems, 
television  receiver*  the  optical  sys¬ 
tem  can  be  mounted  near  the  floor 
with  its  axis  vertical,  projecting 
the  image  straight  up  and  onto  a 
flat  mirror  inclined  at  45  deg  to 
the  incoming  beam  of  light,  and 
throwing  the  image  on  a  trans¬ 
lucent  screen.  Such  an  arrange¬ 
ment  presents  the  advantages  of 
compactness,  relatively  small  depth 
of  the  cabinet  and  can  be  styled 
along  the  familiar  lines  of  a  radio 
console. 


for  infinite  throw  find  useful  ap¬ 
plication  in  television  pickup 
cameras  under  conditions  of  low 
illumination,  such  as  during  the 
last  minutes  of  a  football  game  or  > 
in  direct  pickup  from  a  theater 
stage.  The  great  light-gathering 
power  of  these  optical  systems  is 
demonstrated  in  Fig.  9.  An  optical 
system  with  infinite  throw  was 
pointed  from  a  w’indow  in  Camden, 
N.  J.,  toward  the  Philadelphia  sky¬ 
line.  The  bright  image  of  the  sky¬ 
line  can  be  seen  inverted  on  the 
dummy  tube  face,  undestroyed  by 
the  full  daylight  illumination. 

An  interesting  modification,  ap¬ 
plicable  to  all  systems  described,  is- 
shown  in  Fig.  10.  Here  a  flat  mir¬ 
ror  is  inserted  about  half-way  be¬ 
tween  the  cathode-ray  tube  and  the 
spherical  mirror.  Since  the  center 
of  the  mirror  is  blacked  out  to 
increase  contrast,  the  opaque  back 
of  the  flat  mirror  cuts  very  little 
of  the  useful  light  coming  from  the 
tube  facing  the  spherical  mirror, 
but  the  flat  mirror  permits  placing 
another  cathode-ray  tube  back  of 
the  spherical  mirror  and  facing  the 
flat  mirror.  Such  an  arrangement 
may  be  used  in  theater  work  since 
both  tubes  can  operate  singly  with 
roughly  the  same  optical  eflBciency. 
If  one  tube  goes  bad  the  other  may 
be  turned  on  by  a  flip  of  the  switch. 
With  some  technical  difficulty  both 
tubes  may  be  operated  at  the  same 
time,  the  problem  arising  in  the 


Systems  for  Theaters  and  Cameras 

A  description  of  the  RCA  theater 
television  system  was  published  sev¬ 
eral  years  ago.*  The  optical  system 
consists  of  a  30-inch  mirror,  22.5- 
inch  correcting  lens  and  operates 
with  a  cathode-ray  tube  7.5  inches 
in  diameter.  Figure  8  shows  the 
optical  system  with  the  cathode-ray 
tube  in  place.  The  control  console 
may  be  seen  in  the  background. 

Reflective  optical  systems  built 


FIG.  9 — Imago  of  PhUadolphio  skrlino  as  formed  on  the 
face  of  o  dummy  tube  by  a  reflective  opUcal  system 


FIG.  8 — RCA  theater  television  proiector.  with  control  console 
in  background 
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exact  super-position  of  two  scan 
ning  patterns. 


A  flat  disk  of  hardenable  stain¬ 
less  steel  is  first  profiled  with  the 
aid  of  a  template.  The  template 
itself  is  filed  according  to  a  theo¬ 
retically  calculated  curve.  The 
profiling  machine  has  a  five-to-one 
lever  action  which  calls  for  a  tem¬ 
plate  five  times  deeper  than  the 
final  curve. 

Profiling  is  done  by  diamond 
wheels.  The  resultant  curve  is 
tested  on  a  precision  curvemeter, 
and  final  adjustments  of  j;he  curve 
are  done  by  fine  grinding  and  pol- 


under  operating  conditions  of  three 
years  was  found  to  be  negligible. 
The  cold  flow  depends  on  the  oper¬ 
ating  temperature,  which  for  the 
plastic  lens  of  a  television  receiver 
is  not  far  from  room  temperature. 
Should  design  considerations  call 
for  higher  operating  temperatures, 
the  new  boilable  methyl  metha¬ 
crylates  can  be  used. 


Cost  Factors  ia  Raflactive  Optics 

The  major  objection  to  the  use 
•of  reflective  optics  in  television  re¬ 
ceivers  has  been  the  high  cost  of 
the  aspherical  correcting  lens.  The 
spherical  mirror,  while  quite  large, 
is  an  old  and  familiar  item  to  the 
well-established  optical  industry, 
as  most  of  the  conventional  optical 
surfaces  are  spherical  and  are 
easily  made.  The  aspherical  cor¬ 
recting  lens,  similar  to  a  figure  of 
revolution  developed  by  rotating  a 
shallow  letter  S  around  one  of  its 
ends,  presents  an  altogether  differ¬ 
ent  problem.  Unlike  the  spherical 
mirror,  such  a  figure  is  not  a  natur¬ 
ally-generated  surface  and  there  are 
no  machines  on  the  market  for 
straightforward  production  of  such 
surfaces.  True  enough,  astrono¬ 
mers,  with  their  traditional  pa¬ 
tience  and  lack  of  hurry,  produced 
excellent  aspherical  lenses  on  ma¬ 
chines  used  for  making  astronomi¬ 
cal  instruments,  but  only  by  tedious 
step-by-step  methods. 

In  the  early  stages  of  the.develop- 
ment,  RCA  used  methods  and  ma¬ 
chines  based  upon  astronomical 
technique.  Exceedingly  high  cost 
of  experimental  reflective  optics 
resulted.  The  gain  in  light  over  the 
conventional  projection  lens  was 
very  attractive,  but  the  cost  of 
such  individually  produced  lenses 
was  prohibitive.  The  apparent  so¬ 
lution  to  the  cost  problem  was  that 
of  molding  the  aspherical  lenses 
from  a  suitable  transparent  ma¬ 
terial. 


MovHtin^  Problems 

From  a  practical  standpoint,  the 
use  of  reflective  optics  in  television 
receivers  calls  for  careful  consider¬ 
ation  in  the  mechanical  construc¬ 
tion  of  the  mounting  which  supports 
the  optical  system  and  the  cathode- 
ray  tube.  This  mounting,  combin¬ 
ing  “the  barrel”  and  “tube  sup¬ 
port,”  has  to  fulfill  a  number  of 
requirements:  (1)  Since  the  posi¬ 
tion  of  the  correcting  lens  with  re¬ 
spect  to  the  mirror  is  rather  criti¬ 
cal,  the  mount  must  provide  for 
positive  and  simple  alignment  at 
the  factory;  (2)  It  must  be  dust- 
proof,  since  accumulation  of  dust' 
on  the  mirror  and  correcting  lens 
reduces  both  the  contrast  and  the 
illumination,  while  frequent  dust¬ 
ing  would  be  detrimental  to  the 
plastic  lens  and  the  front  surface 
mirror;  (3)  It  must  be  electrically 
shock-proof  since  in  some  cases 
final  optical  focusing  of  the  picture 
on  the  viewing  screen  must  be  done 
with  a  picture  and  consequently 
with  high  voltage  on  the  cathode- 
ray  tube;  (4)  The  barrel  should 
preferably  be  made  of  metal,  to  cut 
off  x-rays  generated  by  the  cathode- 
ray  tube.  These  rays  are  very  soft 
and  weak;  nevertheless,  they  are 
measurable  and  should  be  screened 
in;  (6)  It  must  provide  for  positive 
and  convenient  initial  adjustments 
of  the  tube  face  position  along 
three  rectangular  coordinates,  one 
of  which  coincides  with  the  optical 
axis  of  the  system.  These  initial 
adjustments  may  be  carried  out  by 
the  factory  and  by  experienced 
servicemen;  (6)  It  must  provide 
for  easy  tube  replacement  by  people 
unfamiliar  with  optics,  such  as  the 
average  serviceman  and  the  cus¬ 
tomer  himself ;  (7)  It  must  provide 
for  easy  and  safe  focusing  after 
tube  replacement;  (8)  It  must  be 
designed  to  lend  itself  to  such  in¬ 
expensive  manufacturing  processes 
as  stamping  or  die  casting,  involv- 


FIG.  10 — Bi-ref lectire  optical  lystem. 
employing  two  proiection  teleTiaion 
cathode-ray  tube* 


ishing  on  a  precision  polishing  ma¬ 
chine.  The  final  optical  finish  of 
the  surface  is  the  result  of  proper 
choice  of  metal,  proper  hardening 
and  tempering,  proper  choice  of  ab¬ 
rasives  and  polishing  agents,  and 
most  of  all,  patience  and  perser- 
verence. 

The  molding  process  is  essen¬ 
tially  that  of  applying  very  high 
pressure  to  heated  plastic  material 
confined  in  a  heated  mold  and  cool¬ 
ing  it  under  pressure  until  it 
reaches  room  temperature.  The 
mold  is  then  opened  and  the  lens 
extracted.  The  only  operation 
which  remains  is  that  of  boring  a 
hole  in  the  center  of  the  lens  for 
accommodating  the  protruding 
neck  of  the  cathode-ray  tube.  The 
lens  is  then  ready  for  use,  with  no 
polishing  or  finishing  of  any  sort 
required. 

Molded  correcting  lenses  for  re¬ 
flective  optical  systems  possess 
very  good  optical  properties',  in¬ 
cluding  slightly  better  transmis¬ 
sion  and  slightly  lesser  scattering 
of  light  than  glass.  They  do  not 
possess  the  surface  hardness  and 
scratch  resistance  of  glass,  but 
even  without  any  special  care  or 
protection  they  have  stood  up  un¬ 
der  laboratory  operation  for  more 
than  three  years.  The  cold  flow 


Plastic  Correcting  Lenses 

A  special  development  project  was 
undertaken  and  soon  concentrated 
on  investigation  of  a  clear  thermo¬ 
plastic  material  known  under  the 
name  of  methyl  methacrylate,  and 
sold  under  the  registered  trade 
names  of  Lucite  and  Plexiglas. 

A  new  set  of  difficult  problems 
came  to  the  foreground.  The  most 
formidable  of  these  was  that  of 
making  molding  surfaces  of  metal 
in  shapes  of  the  negative  replicas 
of  aspherical  lenses.  Almost  as 
serious  was  the  problem  of  obtain¬ 
ing  optical  finishes  on  metals.  Both 
of  these  problems  have  been  suc¬ 
cessfully  solved. 
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ing  a  minimum  of  machining; 
(9)  It  must  not  deform  in  trans¬ 
portation  and  during  years  of 
service. 


The  metal  ring  holding  the  tube  is 
at  high  potential,  and  several  inches 
of  Micalex  insulate  it  from  ground. 
The  high-voltage  cable  has  a 
grounded  shield  on  the  outside 
and  the  barrel  itself  is  grounded. 

The  tube  support  arm  is  ar¬ 
ranged  to  slide  back  and  forth,  pro¬ 
viding  for  tube  adjustment  in  a  di¬ 
rection  perpendicular  to  the  optical 
axis  of  the  system,  say,  along  a  rec¬ 
tangular  coordinate  x.  The  support 
of  the  arm  is  arranged  to  slide 
along  an  intermediate  supporting 
plate  in  a  direction  y,  perpendicu¬ 
lar  to  both  the  x  coordinate  and 
the  axis  of  the  optical  system.  The 
intermediate  supporting  plate  is 
made  to  slide  up  and  down  the  bar¬ 
rel  by  means  of  a  screw,  providing 
a  focusing  means  along  the  axis  of 
the  optical  system  or  coordinate  z. 

The  deflecting  yoke  is  supported 
by  the  neck  of  the  cathode-ray  tube 
and  is  equipped  with  dust-proof 
gaskets.  The  top  of  the  barrel  may 
be  equipped  with  a  cardboard 


shield  reaching  to  the  upper  part 
of  the  television  cabinet  and  pre¬ 
venting  dust  from  settling  on  the 
upper  side  of  the  correcting  lens. 

The  arrangement  described  sat¬ 
isfies  the  requirements  enumerated 
more  or  less  completely  and  allows 
for  variations  governed  by  the  indi¬ 
vidual  preference  of  the  designer. 


Typical  Mounting 

A  layout  of  a  mounting  satisfy¬ 
ing  the  requirements  discussed  is 
shown  in  Fig.  11.  Here  the  cor¬ 
recting  lens  fits  into  a  recess  on 
the  top  of  a  metal  barrel,  this  recess 
being  counterbored  for  a  snug  fit 
with  the  correcting  lens.  The 
spherical  mirror  is  mpunted  on  the 
bottom  cover  of  the  barrel  by  means 
of  a  collar  and  nut  through  the  cen¬ 
ter  hole  in  the  mirror. 

The  tube  support  consists  of  an 
arm  of  insulating  material  an¬ 
chored  on  the  side  of  the  barrel  and 
a  metal  ring  supporting  the  face 
edges  of  the  cathode-ray  tube.  The 
tube  face  is  held  tight  against  this 
ring  by  suitable  springs.  The  high 
voltage  is  brought  to  the  second 
anode  of  the  tube  through  a  dust- 
tight  hole  in  the  wall  of  the  barrel. 


Apparent  Detail 

If  one  wants  to  place  an  enlarge¬ 
ment  of  a  given  picture  on  the  wall 
of  a  room  of  a  given  size,  he  can 
find  by  experiment  a  size  of  en¬ 
largement  that  will  give  an  “opti¬ 
mum  effect.”  This  size  will  give  a 
picture  that  is  not  unduly  blurred 
and  does  not  require  squinting  to 
see  the  detail.  In  television  with 
its  intrinsic  or  absolute  detail  gov¬ 
erned  by  the  bandwidth  of  the  chan¬ 
nel  of  the  transmitter  or  the  wire 
channel,  the  subject  of  optimum 
size  for  a  given  application  is  of 
major  importance. 

The  amount  of  apparent  detail 
needed  for  a  pleasing  television  pic¬ 
ture  will  determine  how  much  mag¬ 
nification  the  picture  will  stand  in 
any  particular  application.  For  a 
given  amount  of  absolute  detail  the 
picture  size  will  be  larger  for  hotel 
lobby  applications  than  it  will  be 
for  home  use,  still  larger  for  audi¬ 
torium  use  and  much  larger  for 
theater  use.  The  exact  sizes  may 
vary  somewhat  but  it  is  believed 
that  the  buying  public  will  soon 
find  out  what  value  of  apparent  de¬ 
tail  is  the  most  acceptable  for  a 
given  use.  Consequently,  the  ap¬ 
parent  detail  will  determine  the 
size  of  the  projected  television  pic¬ 
ture  to  be  preferred  for  each 
application. 
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FIG.  11 — Method  oi  mounting  optical  componenta  ol  a  projection 
teleTision  system  to  glee  rigidity  while  permitting  adjustments  when 
required 
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First  f-m  power  line  application,  on  218-niile  Pacific  Gas  and  Electric  line  between  Pit 
river  power  house  and  Contra  Costa  substation  in  California,  uses  85  kc  and  125  kc 
carriers  with  ona-to-one  deviation  ration  and  6-kc  total  band  width.  Signal-to-noise  ratio 
of  32  db  is  obtained  despite  inherent  noise  level  due  to  corona  on  conductors 


The  installation  of  a  frequency-  the  bandwidth  so  as  not  to  exceed 
modulated  carrier  telephone  that  used  for  a-m  carrier  equip- 
channel  on  a  230-kilovolt  power  line  ment,  in  order  that  an  equal  num- 
of  Pacific  Gas  and  Electric  Co.  con-  ber  of  f-m  channels  could  be  ac- 
stitutes  a  pioneering  step  in  the  cdmmodated  in  the  most  useful  fre- 
field  of  power  line  carrier  communi-  quency  range  of  50  to  150  kc.  A 
cation.  This  new  channel  forms  an  further  consideration  was  the  de- 
important  link  in  the  company’s  sirability,  if  not  necessity,  of  using 
dispatching  system  between  Oak-  available  line  traps,  coupling  capac- 
land,  California  and  the  Pit  River  itors  and  line  tuning  equipment  de¬ 
hydroelectric  plant,  and  is  part  of  signed  to  handle  bandwidths  of  ap- 
a  coordinated  communication  sys-  proximately  6  kc,  making  it  desir- 
tem  that  will  consist  largely  of  able  to  stay  within  this  limit, 
transmission  line  carrier  circuits. 

When  it  became  necesary  to  pro¬ 
vide  additional  communication  fa¬ 
cilities  from  the  dispatching  ofiice 
to  Pit  5  and  the  government’s 
Shasta  Dam  plant  which  now-feeds 
into  the  PG&E  system,  considera¬ 
tion  was  given  to  the  three  types 
of  carrier  thus  far  developed, 
namely  the  single  side-band  and 
double  side-band  a-m  systems  and 
the  more  recently  developed  f-m 
system. 

It  had  been  demonstrated  by  E. 

W.  Kenefake,  engineer  in  the  elec¬ 
tronics  department  of  General  Elec¬ 
tric  Co.,  that  an  f-m  system  operat¬ 
ing  within  the  power  line  carrier 
band  of  50  to  150  kc,  rather  than 
in  the  42  to  50-Mc  band  of  f-m  space 
radio  possessed  desirable  signal-to- 
noise  levels  for  power  line  carrier 
applications,  particularly  on  lines 
having  high  noise  level  due  to  co¬ 
rona  and  other  causes. 

In  developing  an  f-m  system  for 
transmission-line  carrier,  the  prob¬ 
lem  was  not  alone  that  of  dropping 
in  frequency,  which  was  compara¬ 
tively  simple,  buf  also  of  limiting 


The  line  from  Contra  Costa  to 
Pit  5  has  been  in  existence  for  a 
number  of  years,  and  the  conductor 
has  a  rough  rope-lay  surface  which 
gives  considerable  corona  and  high 
noise  level.  Interphare  coupling, 
which  uses  two-phase  conductors 
of  a  transmission  line,  as  a  pair 
of  wires,  was  used  to  minimize  line 
attenuation  and  noise  level.  Line 
traps  were  provided  at  both  sta¬ 
tions  and  at  all  tap  lines  that  might 
be  switched  onto  the  Pit  5-Contra 
Costa  line.  These  traps,  one  in  each 
of  the  two  transmission  conductors 
at  each  point  of  application,  are 
tuned  for  maximum  impedance  at 
the  frequencies  used. 
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Channel  Contidcrations 

The  line  traps  restrict  the  major 
portion  of  the  carrier-frequency  en¬ 
ergy  to  the  desired  line,  eliminate 
serious  reflection  difficulties  result¬ 
ing  from  switching  on  other  por¬ 
tions  of  the  system,  and  greatly  re¬ 
duce  the  strength  of  noise  or  other 
interfering  carrier  signals  origi¬ 
nating  on  other  circuits  connected 
to  the  230-kv  system. 

The  new  f-m  equipment  is  ad¬ 
justed  to  use  85  kc  from  Pit  5,  and 
125  kc  from  Contra  Costa,  these 
being  chosen  to  coordinate  with  the 
eight  other  frequencies  soon  to  be 
added,  six  of  which  are  for  a-m 
equipment  and  two  for  additional 
f-m  equipment. 
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Map  showing  corrior  telaphono  channals 
on  the  Pacific  Gas  and  Electric  Co.  230>kT 
system  linking  fiTe  generating  stations  in 
the  California  mountains  with  the  lood  dis¬ 
patcher  in  Octklond.  The  new  f-m  carrier 
link  between  Contra  Costa  substation  and 
the  Pit  5  generating  station  is  described 
in  this  article 


Deviation  Ratio 


The  choice  of  a  one-to-one  devia¬ 
tion  ratio  for  100-percent  modula- 
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Stondord  coupling  capacitors  and  line  traps  used  at  the  Contra  Costa  230-kT  substation  for  the  i-m 
carrier  telephone  channel.  Traps  direct  the  carrier  energy  oTer  the  desired  line,  and  reduce  inter¬ 
fering  signals  or  noise  that  might  enter  from  other  lines.  This  permits  closer  spacing  of  carrier 
cheamels  on  the  system  os  a  whole,  making  more  channels  orailable  for  communication  serrice 


tion  met  both  the  bandwidth  and 
line  trap  requirements.  With  the 
low  carrier  frequency,  however, 
this  deviation  gives  a  frequency 
shift  that  is  a  larger  percentage 
of  the  carrier  frequency  than  is 
used  in  present  f-m  broadcast  prac¬ 
tice.  Thus,  a  3000-cycle  shift  is  6 
percent  of  a  60-kc  power  line  car¬ 
rier,  whereas  the  standard  75-kc 
shift  of  a  broadcast  transmitter  at 
40  Me  is  only  0.2  percent.  The 
6-percent  shift  gives  readily  attain¬ 
able  bandwidth  requirements  for 
the  receiver  and  coupling  appar¬ 
atus,  along  with  a  high  degree  of 
modulation. 

A  picture  of  what  a  one-to-one 
deviation  ratio  produces  in  the  way 
of  side  bands  can  be  obtained  by 
conventional  mathematical  analy¬ 
sis.  For  a  modulating  frequency  of 
3000  cycles,  this  shows  that  most 
of  the  side  bands  are  confined  to  a 
bandwidth  of  ±3000  cycles.  Of 
course,  if  the  utmost  in  fidelity  is 


desired,  some  of  the  side  bands  ex¬ 
tending  beyond  3000  cycles  would 
have  to  be  transmitted  and  received, 
but  actually  the  elimination  of 
these  extreme  side  bands  consti¬ 
tutes  a  loss  of  only  about  four  per¬ 
cent  of  the  total  energy  in  the  mod¬ 
ulated  wave.  This  elimination  of 
the  extreme  side  bands  produces  a 
small  amplitude  modulation  of  the 
carrier,  but  the  limiter  in  the  re¬ 
ceiver  restores  the  carrier  to  a  con¬ 
stant  amplitude.  The  distortion  re¬ 
sulting  from  elimination  of  higher 
side  bands  is  entirely  negligible  for 
a  commercial  channel  designed  for 
use  with  standard  telephone  instru¬ 
ments  and  facilities. 

Power-Line  Noise 

There  are  two  basic  kinds  of 
noise  on  power  lines,  the  r-f  dis¬ 
turbances  arising  from  electrical 
disturbances  such  as  corona,  leak¬ 
age  and  switching;  and  corona  mod¬ 
ulation,  which  is  amplitude  modula¬ 


tion  of  the  carrier  due  to  a  variable 
attenuation  phenomena  caused  by 
corona.  The  major  portion  of  the 
noise  on  the  line  in  question  was  of 
the  former  type.  With  corona  modu¬ 
lation  predominating,  superiority 
of  f-m  equipment  would  be  greater. 

With  varying  magnitudes  of 
noise,  an  f-m  carrier  system  has  the 
characteristic  of  keeping  the  inter¬ 
ference  well  rejected  until  the  mag¬ 
nitude  of  the  noise  bears  a  certain 
ratio  to  the  strength  of  the  desired 
signal.  The  noise  is  then  accepted 
and  the  desired  signal  rejected.  In 
wide-swing  f-m  systems  this  thresh¬ 
old  is  abrupt,  and  occurs  when 
the  signal-to-noise  ratio  becomes 
about  two.  In  a  small-deviation 
system  this  threshold  is  not  as 
abrupt  and  occurs  at  a  lower 
signal-to-noise  ratio,  so  that  us¬ 
able  intelligence  can  be  obtained 
from  a  signal  whose  signal-to-noise 
ratio  is  less  than  two.  This  is  a 
definite  advantage  when  the  pri- 
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Closeup  of  ■tondord  lino  trap  and  coupling  capacitor  uted  for  tho  f-m  carrier 
channel  on  the  230-kT  line  from  Contra  Costa  to  Pit  5 


mary  function  of  a  service  is  to  get 
intelligence  from  one  point  to  an¬ 
other. 

Power  lines  have  a  fairly  high 
level  of  random  noise,  caused  by 
corona  and  various  types  of  arcs. 
Noise  of  this  nature  added  to  the 
desired  carrier  causes  a  complex 
type  of  amplitude  variation  and 
phase  shift.  It  is  possible  for  the 
limiter  in  an  f-m  receiver  to  re¬ 
move  the  amplitude  modulation,  but 
it  is  impossible  to  eliminate  the 
phase  sTiift.  This  phase  shift  is  the 

source  of  noise  for  an  f-m  channel. 

• 

It  is  possible  in  an  a-m  system 
for  noise  to  cause  a  100-percent 
modulation  of  the  carrier,  and  this 
is  also  the  limit  to  the  degree  of 
modulation  by  the  desired  signal. 
In  the  f-m  system  under  considera¬ 
tion,  it  is  impossible  for  noise  to 
cause  a  phase  shift  of  more  than 
about  one  radian  but  it  is  possible 
for  the  desired  signal  to  cause  a 
much  greater  phase  shift.  This 
phase  shift  becomes  greater  as  the 
modulating  frequency  decreases, 
and  is  the  reason  for  more  noise 
interference  at  the  higher  modulat¬ 
ing  frequencies. 

By  assuming  a  random  type 
noise,  the  noise  reduction  theoreti¬ 
cally  possible  by  means  of  f-m  over 
a-m  is  6  db.  This  is  computed  from 
the  fact  that  noise  in  a-m  is  the 
same  over  the  entire  audio  spec¬ 
trum,  while  in  f-m  the  noise  is  zero 
at  zero  audio  frequency  and  in¬ 
creases  linearly  to  the  same-walue 
as  in  a-m  at  the  highest  audio  fre¬ 
quency.  Hence,  when  the  noise  is 
integrated  over  the  audio  range,  it 
is  just  half  as  great  in  f-m  systems 
as  in  a-m  systems. 

Cbaracteristicf  of  Corona  Noise 

Ck)rona  modulation  is  apparently 
a  result  of  corona  producing  an  im¬ 
pedance  change  affecting  the  flow 
of  the  carrier-current  signal.  If 
only  this  type  of  noise  is  present, 
an  increase  in  transmitter  power  to 
surmount  the  noise  does  not  help 
because  the  percent  modulation  due 
to  the  noise  stays  the  same.  This 
modulation  is  a  function  of  the  total 
attenuation  between  the  transmit¬ 
ter  and  the  receiver  and  the  amount 
of  corona  present  on  the  lines.  If 
the  transmitter  is  turned  off  when 
listening  to  signals  in  a  carrier  re¬ 
ceiver  having  no  automatic  volume 
control,  this  type  of  noise  will  de¬ 


crease  or  completely  disappear,  in¬ 
dicating  that  it  comes  in  as  modu¬ 
lation  of  the  carrier  signal.  The 
noise  is  carried  by  symmetrical  side 
bands  about  the  carrier.  In  an  f-m 
receiver  that  contains  a  balanced 
discriminator,  these  side  bands  are 
balanced  out  since  a  discriminator 
is  a  slope  filter  whose  output  is  pro¬ 
portional  to  the  frequency  devia¬ 
tion  from  normal.  Because  an  a-m 
signal  has  amplitude  variations 
but  no  phase  or  frequency  varia¬ 
tions,  the  output  of  the  discrimin¬ 
ator  in  this  case  would  be  zero. 
Herein  is  the  outstanding  advan¬ 
tage  of  frequency  modulation  for 
power-line  carrier,  because  it  pro¬ 
vides  the  only  real  solution  to  the 
above  type  of  noise. 

Comparative  Tests 

After  installation  of  the  f-m  sys¬ 
tem  and  tuning  of  the  line  traps, 
carrier  sets  and  coupling  circuits, 
comparative  tests  of  various  sys¬ 
tems  were  made.  A  single  side-band 
a-m  system  was  found  to  have  4.4 
db  better  signal-to-noise  ratio  than 
a  comparable  double  side-band  a-m 
system.  Comparisons  of  f-m  and 
a-m  systems  on  an  equal  power 
basis  indicated  that  the  f-m  system 
was  about  12  db  better  than  the  a-m 
system,  with  the  average  signal-to- 


noise  ratio  for  the  f-m  system  be¬ 
ing  about  32  db. 

Further  improvement  in  the  dis¬ 
crimination  against  interference 
can  be  obtained  by  pre-emphasis  of 
the  higher  audio  frequencies  at  the 
transmitter,  to  take  advantage  of 
the  concentration  of  voice  energy 
in  the  lower  audio  frequencies.  It 
is  possible  to  pre-emphasize  the 
higher  audio  frequencies  in  the 
transmitter  without  exceeding  the 
modulation  capabilities  of  the  trans¬ 
mitter,  and  use  a  de-emphasis  cir¬ 
cuit  in  the  receiver.  This  gives  the 
greatest  possible  frequency  shift  for 
any  modulating  frequency  without 
exceeding  the  bandwidth  of  any 
particular  channel.  Noise  measure¬ 
ments  made  in  the  General  Electric 
laboratory  with  an  arc-noise  gen¬ 
erator  show  that  to  provide  a 
given  signal-to-noise  ratio  in  a 
receiver,  an  un-emphasized  f-m  sys¬ 
tem  requires  a  transmitter  power 
of  8  watts  and  a  pre-emphasized 
f  m  system  only  2  watts  for  the 
same  signal-to-noise  ratio  obtained 
with  a  100-watt  a-m  system.  This 
indicates  the  possibility  of  greater 
transmission  ranges  with  medium 
power,  permitting  a  reduction  in 
power  or  the  solution  of  long-dis¬ 
tance  communication  problems 
without  repeating  stations. 
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used,  the  detector  in  the  receiver  is 
insensitive  to  amplitude  variations, 
and  responds  only  to  the  very  small 
phase  variations  associated  with 
starting  and  stopping  of  the  trans¬ 
mitter. 

In  avc  circuits  of  an  a-m  re¬ 
ceiver,  transients  change  the  gain 
of  the  receiver,  causing  distortion. 
On  the  other  hand,  a  limiter  in  an 
f-m  receiver  is  practically  instan¬ 
taneous  in  action,  and  the  receiver 
can  be  switched  on  and  off  very 
rapidly  without  distortion. 

Two  broadcast  f-m  stations  oper¬ 
ating  on  the  same  carrier  frequency 
have  considerably  more  interfer¬ 
ence-free  operating  area  than  two 
a-m  broadcast  stations  on  the  same 
frequency.  This  holds  true  for  f-m 
power  line  carrier  systems  also, 
though  to  a  lesser  degree  since  the 
deviation  ratio  is  one-to-one  instead 
of  five-to-one.  With  increased  in¬ 
stallation  of  carrier-current  appar¬ 
atus  throughout  the  country,  there 
are  many  places  where  frequency 
congestion  in  the  carrier  band  is 
becoming  a  problem.  The  use  of 
f-m  carrier  offers  a  partial  solu¬ 
tion,  because  a  given  frequency 
could  be  repeated  throughout  a  sys¬ 
tem  more  often  than  with  ampli¬ 
tude  modulation. 

More  F-M  ChoeiieU  Plaoncd 

Future  plans  for  carrier  cttm- 
munication  on  the  PG&E  system 
call  for  two-frequency  duplex  car¬ 
rier  equipment  between  Contra 
Costa  and  Shasta  substation,  Bel- 
lota  and  Shasta  sub.  Pit  5  and 
Shasta  sub,  Shasta  Dam  and  Shasta 
sub,  Bellota  and  Shasta  sub,  and 
between  Contra  Costa  and  New¬ 
ark.  It  will  be  possible  to  connect 
these  carrier  channels  to  the  com¬ 
pany’s  physical  telephone  lines  at 
any  of  these  points.  Two  of  the  f-m 
channels  will  be  operated  on  the 
23<^'kv  lines  which  have  high  corona 
loss. — J.M. 
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The  presence  of  a  limiter  in  an 
f-m  receiver  is  analogous  to  a  fast 
and  flat  type  of  automatic  volume 
control.  The  avc  system  used  in 
a-m  receivers  is  comparatively 
slower  and  is  not  so  flat.  A  flat 
avc  action  is  advantageous  in  two- 
frequency  duplex,  where  one  fre¬ 
quency  is  used  to  transmit  in 
one  direction  and  the  other  fre¬ 
quency  is  for  the  other  direction. 
The  transmitter  and  receiver  audio 
circuits  must  then  connect  to  a  hy¬ 
brid  circuit  and  can  be  set  closer  to 
the  critical  point  if  the  audio  out¬ 
put  of  the  receiver  is  quite  con¬ 
stant.  Since  the  limiter  in  an  f-m 
receiver  can  hold  the  output  ex¬ 
tremely  constant,  a  two-frequency 
voice  channel  can  be  operated  with 


higher  audio  gains  from  terminal 
to  .terminal. 

The  other  type  of  communication 
commonly  used  is  single-frequency 
duplex  or  automatic  simplex,  where 
the  voice  starts  the  transmitter  and 
blocks  the  receiver  on  outgoing 
speech.  To  avoid  noticeable  clip¬ 
ping  of  words,  it  is  desirable  to 
accomplish  the  switching  of  the 
transmitter  and  receiver  in  as 
short  a  time  as  possible.  One  in¬ 
herent  limitation  in  an  a-m  system 
for  fast  switching  of  a  channel  is 
the  surge  of  rectified  carrier  in  the 
detector  of  a  receiver  when  the 
transmitter  starts.  For  smooth  op¬ 
eration  it  is  necessary  to  hold  the 
receiver  inoperative  until  this  surge 
dies  down.  When  an  f-m  carrier  is 


At  light  U  the  i-m  carrier  current  assembly  that  provides  a  telephone  channel 
between  Contra'  Costa  substation  and  Pit  5  power  house  218  miles  away. 
At  left  is  a  similar  assembly  of  a-m  carrier  telephone  equipment  operating 
over  a  llO-kr  line  from  Contra  Costa  to  the  load  dispatcher  in  Oakland.  Both 
assemblies  are  made  by  General  Electric  Co. 
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There  is  an  increasing  interest 
in  electronic  circuits  which 
generate,  shape  or  otherwise  make 
use  of  sharp  voltage  and  current 
pulses.  The  exact  form  of  these 
pulses  is  of  great  interest  to  the  in¬ 
vestigator,  but  observation  of  them 
is  often  difficult  or  impossible  with 
previously  -developed  commercial 
cathode-ray  oscilloscopes.  Such  in¬ 
struments  are  generally  not  cap¬ 
able  of  reproducing,  distinctly  and 
without  distortion,  pulses  having 
extremely  steep  fronts  and  of  low 
and  irregular  repetition  rate. 

It  was  therefore  decided  to  de¬ 
velop  a  portable  cathode-ray  oscil¬ 
loscope  which  would  not  only  be 
suitable  for  conventional  applica¬ 
tions,  but  would  also  be  particu¬ 
larly  effective  for  the  observation 
and  measurement  of  pulse  wave¬ 
forms. 

As  is  always  the  case  with  a  new 
instrument,  many  problems  arose 


The  wideband  instrument  described  incorporates 
a  triggered  sweep,  time  delay  of  the  signal  to  per¬ 
mit  the  triggered  sweep  to  get  under  way,  beam 
blanking  during  stand-by,  and  time-interval  mark¬ 
ing  of  the  trace  by  beam-intensity  modulation 


JR.  aid  ROBERT  P.  OWEN 


Engineering  Department 
Allen  B.  DuMont  Lahoratoriet,  Inc. 
Paesaic,  New  Jcntg 


ficult  problem  facing  the  design 
engineer  is  the  reconciliation  of 
such  conflicting  circuit  require¬ 
ments.  Satisfactory  compromises 
can  be  reached  only  through  care¬ 
ful  consideration  of  the  entire  field 
of  application  of  the  instrument. 

Figure  1  shows  the  functional 
layout  of  the  oscilloscope  in  block 
diagram  form.  The  horizontal  de¬ 
flection,  vertical  deflection,  and 
beam  modulation  circuits  are  desig¬ 
nated  here,  as  they  are  on  the  front 
panel  of  the  instrument,  by  the  co¬ 
ordinate  symbols  X,  Y,  and  Z.  This 
nomenclature  emphasizes  the  func¬ 
tion  of  the  cathode-ray  oscilloscope 
as  an  extremely  versatile  curve- 
tracer,  working  in  effect  in  three 
dimensions. 

Except  for  the  input  cathode- 
followers,  all  vertical  and  hori¬ 
zontal  amplifier  stages  are  mounted 
on  a  heavy  vertical  phenolic  panel. 
This  construction  minimizes  stray 
capacitance  to  ground  and  saves 
space,  since  bulky  insulated  ter¬ 
minals  and  lugs  are  unnecessary. 
Conventional  mounting  strips  are 
used  underneath  the  metal  horizon¬ 
tal  chassis  to  support  less  critical 
components. 

Cathode-Ray  Tab* 

The  cathode-ray  tube  selected 
was  the  Type  5JP-  which  has  a 
five-inch  diameter  screen  and  is 
available  with  either  short,  long,  or 
medium  persistence  characteristics. 
To  improve  the  utility  for  high-fre¬ 
quency  applications,  the  deflection 
plate  connections  are  brought  out 


and  were  solved  in  the  process  of 
design  and  development.  Too  often 
ideal  performance  of  one  circuit  can 
be  obtained  only  by  limiting  the  op¬ 
eration  of  another  equally  impor¬ 
tant  circuit.  For  example,  the  re¬ 
quirements  of  high  gain  and  wide 
bandwidth  in  amplifiers  are  always 
incompatible.  Perhaps  the  most  dif- 


High-froqnancy  dreuit  componants  or*  mounted  on  the  upright  phenolic  panel 
to  minimiie  capacitances  to  ground.  The  oblong  box  in  the  foreground  con¬ 
tains  the  signal  time-delay  network 
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The  power  supply  of  the  DuMont  Type 
248  instrument  is  in  a  separate  cabi¬ 
net  to  isolate  its  stray  fields  from  the 
signal  amplifiers  and  cathode-ray  tube 


amplified  before  reaching  the  cath¬ 
ode-ray  tube.  Amplification  is  ad¬ 
visable  if  the  input  is  single-ended, 
even  though  the  original  signal  is 
of  considerable  amplitude,  so  that 
balanced  signals  may  be  applied  to 
the  deflection  plates.  Of  course, 
amplifiers  are  of  value  only  within 
their  frequency  response  range. 
The  Y-axis  amplifier  of  this  instru¬ 
ment  is  useful  for  sinusoidal  sig¬ 
nals  between  five  cps  and  10  Me. 


Signal  Inpnt 

Input  can  be  effected  through  a 

directly  to  terminals  on  the  neck  of  ness  for  the  tube  when  used  in  this  test  probe  and  five  feet  of  coaxial 

the  tube,  minimizing  capacitance  way  is  several  hundred  megacycles,  cable,  or  to  a  terminal  on  the  front 

and  cross-coupling  effects.  An  in-  Ordinarily,  the  signal  must  be  panel.  There  is  a  twenty-to-one  at- 
tensifler  electrode  allows  high  over¬ 
all  accelerating  potentials  without 
excessive  beam  deflection  factors. 

A  double-primary  transformer 
and  high-voltage  rectifiers  normally 
supply  a  negative  2000  volts  for  the 
cathode  and  a  positive  2000  volts 
for  the  intensifier,  the  second  anode 
and  deflection  plates  being  near 
ground  potential.  When  high  de¬ 
flection  sensitivity  is  of  greater  im¬ 
portance  than  image  brilliance,  the 
second  half  of  the  power  trans¬ 
former  primary  can  be  switched  in 
series  with  the  first  half.  This 
change  in  connections  reduces  volt¬ 
ages  by  one-half,  thus  approxi¬ 
mately  doubling  the  deflection 
sensitivity. 

If  the  waveform  to  be  investi¬ 
gated  has  a  peak  to  peak  amplitude 
of  from  20  to  300  volts,  it  can  be 
satisfactorily  observed  by  feeding 
it  directly  to  the  deflection  plates  of 
the  cathode-ray  tube.  There  are 
terminals  on  the  front  panel  for 
this  purpose,  and  coupling  capaci¬ 
tors  in  the  deflection-plate  leads  al¬ 
low  the  beam  positioning  controls 
to  function  without  interference 
from  applied  d-c  potentials.  These 
coupling  circuits  introduce  no  dis¬ 
tortion  above  ten  cycles  per  sec¬ 
ond,  and  the  upper  limit  of  useful- 
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tenuation  ratio  in  the  probe  as  a 
result  of  a  necessary  compromise 
between  probe  input  capacitance 
and  cabl^  length.  Input  impedance 
of  the  probe  is  five  megohms  in 
parallel  with  10  /i/tf.  A  0,01  /if, 
1000  volt  capacitor  prevents  d-c 
loading  of  the  circuit  under  obser¬ 
vation.  Insulated  clips  permit  safe 
use  on  peak  voltages  up  to  the  rat¬ 
ing  of  the  input  capacitor. 

Immediately  following  the  input 
terminal  and  probe  socket  is  an 
isolating  capacitor  and  a  three-po¬ 
sition  RC  attenuator  having  ratios 
of  1:1,  10:1,  and  100:1.  This  at¬ 
tenuator,  as  well  as  the  one  in  the 
test  probe,  is  compensated  for  high 
frequencies  and  introduces  negligi¬ 
ble  distortion  within  the  frequency 
range  of  the  amplifier. 

A  continuously  variable  attenu¬ 
ator  is  necessary  in  an  instrument 
of  this  type,  but  here  compensation 
is  impossible  because  the  resis¬ 
tances  are  not  fixed.  Sources  of 
distortion  and  methods  of  compen¬ 
sation  are  discussed  later.  Stray 
capacitances  must  be  rendered  inef¬ 
fective  by  a  relatively  low-resis¬ 
tance  potentiometer  (1000  ohms). 

The  problem  of  matching  this 


FIG.  2 — Cathode-follower  circuit  acts 
as  an  impedance  transformer  between 
the  high-impedance  decade  attenuator 
and  the  low-impedance  continuously 
Torioble  attenuator 


FIG.  3 — A  30-cps  square  wore,  os  re¬ 
produced  by  the  Terticol  axis  amplifier 


FIG.  4 — Y-Axis  amplifier  is  low-frequency  compensated  by  the  AC  network, 
and  high-frequency  compensated  by  the  series  inductor  L,  and  the  shunt  In¬ 
ductors  L,  and  L,.  The  Z-oxis  amplifier  is  similar 


low-impedance  control  to  the  high- 
impedance  stepped  attenuator  is 
solved  very  conveniently  by  the  in¬ 
sertion  of  a  cathode  follower,  shown 
in  Fig.  2,  as  an  impedance  trans¬ 
former,  with  the  additional  ad¬ 
vantages  of  extremely  low  input  ca¬ 
pacitance  and  the  ability  to  handle 
large  signals.  To  take  full  advan¬ 
tage  of  the  three-position  decade- 
attenuator,  the  gain  control  is  lim¬ 
ited  to  a  maximum  attenuation  of 
ten  to  one.  This  feature  also  pre¬ 
vents  overloading  of  the  input  stage 
by  strong  signals,  as  long  as  the 
resulting  deflection  on  the  cathode- 
ray  tube  screen  is  less  than  three 
inches  peak  to  peak. 

Vertical  Amplifier 

Immediately  following  the  vari¬ 
able  attenuator  are  two  amplify¬ 
ing  stages,  the  first  employing  a 
6AC7  pentode,  the  second,  a  6AG7. 
Both  plate  circuits  include  compen¬ 
sating  filters  for  low  frequencies 
which,  with  slight  individual  ad¬ 
justment  to  take  care  of  component 
variations,  make  it  possible  for  the 
amplifier  as  a  whole  to  pass  a  30- 
cycle  square  wave  with  only  the 
slight  distortion  shown  in  Fig.  3. 
High  frequency  compensation  is  also 
provided,  shunt  peaking  being  used 
with  the  1000-ohm  plate  load  of  the 
Type  6AC7  stage  and  series  peak¬ 
ing  with  the  1300-ohm  load  resis¬ 
tor  of  the  Type  6AG7.  A  type  of 
compensation  allowing  a  larger 
plate  load  for  the  desired  frequency 
range  is  used  in  the  latter  stage  in 
order  that  the  maximum  possible 
output  can  be  obtained  from  the  de¬ 
flection  amplifier  which  it  drives. 


Transient  response  is  equal  to  that 
of  the  shunt  peaked  stage. 

The  deflection  amplifier  consists 
of  two  807’8,  cathode-coupled  to 
give  a  balanced  output.  Because  of 
low  output  capacitance  it  was  found 
possible  to  use  1600-ohm  plate  loads 
and  shunt  peaking  without  reduc¬ 
ing  frequency  response  below  that 
of  previous  stages.  The  last  two 
stages  of  the  vertical  amplifier  are 
shown  in  Fig.  4.  Over  three  inches 
of  undistorted  deflection  is  avail¬ 
able  with  4000  volts  accelerating 
potential  on  the  cathode-ray  tube. 

Response  of  the  Y-axis  amplifier 
is  down  less  than  ten  percent  at 
five  Me,  and  is  ten  percent  of  the 
mid-frequency  gain  at  ten  Me. 
Compensation  is  adjusted  to  give 
faithful  reproduction  of  high  fre¬ 
quency  pulses  without  overshoot  or 
oscillation.  The  oscilloscope  input 
deflection  factor  is  approximately 
0.07  volts  rms  per  inch  of  peak  to 
peak  deflection,  with  the  higher  ac¬ 
celerating  potential. 

High  gain  is  not  required  in  the 
X-axis  or  horizontal  amplifier,  so  a 
cathode  follower  and  gain  control 
driving  a  balanced  deflection  am¬ 
plifier  similar  to  that  of  the  Y-axis 
is  all  that  is  necessary.  Response 
is  down  about  25  percent  at  two  Me, 
and  the  deflection  factor  is  2.5  volts 
rms  per  inch. 

Signal  Time-Delay 

When  using  a  driven  or  start- 
stop  type  of  sweep,  it  is  often  neces¬ 
sary  to  trigger  the  time-base  by 
means  of  the  signal  which  is  to  be 
observed.  Although  sweep  circuits 
such  as  the  one  used  in  this  oscil- 
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Operating  frequencies  as  high  as 
300  kc  or  more  are  attained  by  mod¬ 
erate  synchronizing  with  high  fre¬ 
quency  signals. 

The  second  time-base  incorpor¬ 
ated  in  this  oscilloscope  is  of  the 
driven  or  start-stop  type.  Each 
stroke  must  be  initiated  by  an  ex¬ 
ternal  signal.  Its  great  usefulness 
is  in  detailed  inspection  of  waves 
occurring  at  relatively  long  and  in¬ 
constant*  intervals,  and  having 
short  durations.  Any  one  6f  four 
sweep  durations  (6,  25, 100,  or  1000 
microseconds)  may  be  selected  by 
means  of  a  switch  on  the  front 
panel.  This  sweep  can  be  triggered 
repeatedly  at  rates  up  to  approxi¬ 
mately  the  freq’uency  corresponding 
to  the  sweep  period.  The  previously 
mentioned  delay  network  greatly 
increases  the  utility  of  this  time- 
base  (FMg.  6). 

A  stage  of  amplification  follow¬ 
ing  a  phase-selector  stage,  (Fig. 
1),  in  the  synchronizing  circuit  in¬ 
sures  that  the  foregoing  time-bases 
can  be  synchronized  or  initiated  by 
small  signals  of  either  polarity. 
One  volt  peak  will  trigger  the 
driven  sweep. 

Generally,  driven  sweeps  of 
short  duration  and  low  repetition 
rate  are  limited  to  one-half  of  the 
horizontal  deflection  distance  that 
is  available  to  the  continuous  saw¬ 
tooth  sweeps  or  other  sj^metrical 
signals.  However,  when  this  in¬ 
strument  employs  driven  sweeps, 
the  operating  points  of  the  X  de¬ 
flection  amplifiers  are  shifted  along 
their  dynamic  characteristics  to  al¬ 
low  full  deflection. 


beam  by  either  a  positive  or  nega¬ 
tive  signal.  This  amplifier,  to¬ 
gether  with  the  time-bases,  acts  as 
a  beam  control  circuit  serving  to 
blank  the  return  trace  of  continu¬ 
ous  sweeps,  and  to  drive  the  beam 
from  cut-off  during  stand-by  to  full 
intensity  during  sweep  when  the 
driven  time  base  is  in  use. 

It  is  very  necessary  that  ade¬ 
quate  beam  brightening  be  pro¬ 
vided  on  short-duration  strokes  if 
the  image  is  to  be  photographed, 
otherwise  the  beam  intensity  must 
be  increased  to  a  high  level  to  make 
an  infrequently  repeated  trace 
visible.  As  a  result,  the  beam  rest 
position  will  be  so  bright  as  to  ob¬ 
scure  the  remainder  of  the  trace. 
The  cut-off  of  the  beam  during 
stand-by  avoids  this  difficulty. 

To  allow  for  the  use  of  the  Z-axis 
with  video  frequency  signals,  the 
response  of  the  amplifier  was  made 
uniform  to  four  megacycles. 

For  use  in  conjunction  with  the 
Z-axis  there  is  provided  an  oscil¬ 
lator  and  pulse-forming  circuit 
which  together  furnish  sharp  pulses 
at  intervals  of  one,  ten,  or  100  mi¬ 
croseconds.  Figure  8  is  a  block  dia¬ 
gram  of  this  marker  circuit.  The 
oscillator  is  synchronized  with 
driven  sweeps,  and  is  used  to  indi¬ 
cate  elapsed  time  along  the  X-axis 
by  introducing  brightening  or 
blanking  markers  (  Fig.  5)  into  the 
trace.  Direct  application  of  the  sig¬ 
nal  to  be  investigated  to  the  vertical 
deflection  plates  in  no  way  affects 
the  use  of  this  timing  circuit.  The 
transitron  oscillator  is  designed  to 
be  keyed  on  by  the  initiation  of  the 
driven  sweep,  but  it  is  also  useful 
’  over  most  of  the  continuous-sweep 
frequency  range. 

An  unusual  feature  of  this  in¬ 
strument  is  the  inclusion  of  a  pulse 
generator  for  use  in  triggering  and 
testing  other  equipment.  There  are 


FIG.  5 — PuIm  reproduced  with  (a)  and 
without  (b)  time  delay  ior  the  signal. 
Marking  spaces  are  1  ju.  sec  opart 


loscope  get  under  way  in  a  small 
fraction  of  a  microsecond,  part  of 
the  wavefront  is  obliterated  as 
shown  in  Fig.  5(a)  unless  there  is 
a  short  time-interval  before  the 
signal  appears  at  the  vertical  de¬ 
flection  plates. 

A  delay  of  about  one-half  micro¬ 
second  can  be  obtained  by  switch¬ 
ing  in  a  delay  network  ahead  of  the 
variable  attenuator.  This  network 
of  the  low-pass  filter  tyi>e-  has  a 
characteristic  impedance  of  200 
ohms  to  match  the  output  of  the 
cathode-follower,  and  a  cutoff  fre¬ 
quency  of  twelve  megacycles  in  or¬ 
der  that  it  will  be  essentially  dis¬ 
tortionless  up  to  approximately  six 
megacycles.  With  the  signal  de¬ 
layed  by  this  network,  the  trace  is 
as  shown  in  Fig.  5(b). 


Tim*  Bases 

Two  linear  time-bases  are  pro¬ 
vided.  One,  providing  the  usual 
continuous  sweep,  is  shown  in  Fig. 
6,  and  is  a  modified  form  of  the 
high-vacuum  circuit  first  described 
by  Puckle.  It  has  a  range  of  15  cps 
to  150  kc  when  running  free  and  is 
exceptional  in  its  ability  to  syn¬ 
chronize  steadily  at  high  signal-to- 
sweep  frequency-ratios.  Stable  op¬ 
eration  with  more  than  100  cycles 
of  the  signal  on  the  screen  can  be 
obtained  at  medium  frequencies. 


Beam  Modulation 

The  Z-axis  or  beam  .modulation 
amplifier,  illustrated  in  Fig.  7, 
makes  use  of  a  phase-selector  as  its 
input  stage,  thus  making  possible 
blanking  or  intensifying  of  the 


Mulfivibrah>r 


FIG.  6 — Simplified  wiring  diagram  of 
the  racuum-tube  tw**p  drcolt  indicotea 
the  principle  of  operation.  The  tri- 
ode  of  the  muItiTibrator  periodically 
charges  one  of  the  freguency-remge  ca¬ 
pacitors.  The  constant-current  pentode, 
which  includes  the  frequency-Temier 
control,  lineorly  discharges  the  fre¬ 
quency-range  capacitor 
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available  at  terminals  on  the  front 
panel  positive  and  negative  pulses 
of  about  100  volts  peak  amplitude 
and  less  than  a  microsecond  dura¬ 
tion,  at  a  rate  continuously  variable 
between  200  and  3000  pulses  per 
second. 

Attenuator  Distortion 

Initial  deformation  of  the  signal 
takes  place  when  it  is  reduced 
from  its  original  value  by  the  test 
probe  or  the  stepped  attenuator. 
Both  of  these  voltage  dividers  are 
compensated  at  the  high  fre¬ 
quencies  by  means  of  adjustable 
capacitors  shunting  the  fixed  re¬ 
sistors.  These  capacitors  are  ad¬ 
justed  for  minimum  distortion  of 
a  10  kc  square  wave,  this  frequency 
usually  being  the  most  sensitive  to 
attenuator  misadjustment.  Even  at 
the  best  possible  setting,  how¬ 
ever,  there  will  be  a  slight  but 
noticeable  rounding  of  the  leading 
corners  of  square  waves  at  100  kc 
and  higher.  This  distortion  is  prob¬ 
ably  caused  by  phase  shift  at  fre¬ 
quencies  above  one  megacycle. 
While  generally  negligible,  this  ef¬ 
fect  cannot  be  entirely’  eliminated. 
Equal  attenuation  at  all  frequencies 
is  an  engineering  ideal  that  can 
be  approached  only  at  the  expense 
of  input  impedance. 

Additional  distortion  takes  place 
in  the  delay  network,  mainly  be¬ 
cause  of  the  more  rapid  transmis¬ 
sion  of  the  frequency  components 
above  approximately  two  mega¬ 
cycles,  and  because  of  resistive  and 
dielectric  losses.  Fortunately,  this 
deformation  in  a  well  designed 
and  correctly  matched  lumped- 
constant  delay  network  is  of  the 


same  order  as  that  occurring  in 
the  attenuators,  and  can  usually  be 
neglected  at  frequencies  below 
one-half  the  theoretical  cut-off  of 
the  delay  network. 

Amplifier  Compensation 

The  amplifiers  themselves  cause 
little  or  no  frequency  and  phase 
distortion  within  their  range  of  un¬ 
compensated,  flat  response.  By 
proper  compensation  this  range  can 
be  greatly  extended  at  each  end, 
but  over-compensation  must  be 
avoided.  The  low-frequency  and 
high-frequency  equalizing  circuits 
correct  both  gain  and  phase  charac¬ 
teristics,  but  the  most  extended 
region  of  uniform  gain  and  the 
most  linear  phase-shift  characteris¬ 
tic  cannot  be  attained  with  the 
same  circuit  constants.  If  a  wide¬ 
band  amplifier  is  adjusted  for 
minimum  distortion  of  square 
waves  at  both  ends  of  its  frequency 
range,  it  will  generally  be  found 
that  the  correction  made  is  a  com¬ 
promise  between  that  necessary 
for  optimum  gain  and  for  optimum 
phase  characteristic,  but  much 
closer  to  the  latter  than  to  the 
former.  This  will  be  the  case  at 
both  low  and  high  frequencies. 
Linear  phase-shift  at  low  fre¬ 
quencies  requires  more  compensa¬ 
tion  than  is  needed  for  flat  gain. 
The  reverse  is  true  at  high  fre¬ 
quencies. 

Phase  and  frequency  distortion 
in  under-compensated  amplifiers  will 
appear  respectively  as  sawtooth 
and  concave  bowing  of  the  top  and 
bottom  portions  of  low'-frequency 
square  waves,  and  as  rounding  of 
the  corners  of  high-frequency 


square  waves.  An  over-compen¬ 
sated  amplifier  shows  the  even  less 
desirable  symptoms  of  upward  slope 
and  convex  bowing  of  low-frequency 
square  waves,  and  over-shoot,  or 
even  a  train  of  oscillations,  follow¬ 
ing  the  wave  front  of  a  high-fre¬ 
quency  wave  or  pulse. 

The  Y-axis  of  this  instrumerit 
will  pass  a  thirty  cps  square  wave 
with  only  slight  convex  bowing 
(Fig.  3)  and  compensation  is  so 
adjusted  that  there  is  no  over-shoot 
on  even  the  most  abrupt  wave 
fronts. 

Amplitude  distortion  is  always 
present  in  oscilloscoi>es,  but  seldom 
to  an  objectionable  extent,  as  such 
distortion  does  not  change  the 
wave  form  in  a  manner  that  is  very 
obvious  to  the  eye.  Interaction,  or 
cross-coupling,  between  amplifiers 
is  a  serious  problem.  However,  it 
can  be  solved  by  careful  component 
and  wiring  layout,  the  provision  of 
metallic  shields  where  necessary, 
and  the  use  of  low  output-imped¬ 
ance  power  supplies. 

Oscilloscope  amplifier  perform¬ 
ance  is  too  often  specified  only  in 
terms  of  sinusoidal  frequency  re¬ 
sponse,  but  this  tells  only  part  of 
the  story  of  the  actual  fidelity  of 
reproduction.  The  phase  charac¬ 
teristics  of  the  amplifier  are  of  at 
least  equal  importance  and  should 
be  given  full  consideration.  For  ex¬ 
ample  by  specifying  the  square 
wave  response. 

The  authors  wish  to  acknowledge 
the  valuable  contributions  of  Mr. 
Bernard  Amos  and  Mr.  Charles 
Puckette  to  the  development  of 
this  instrument,  particularly  with 
regard  to  the  mechanical  design. 
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FIG.  7 — The  Z-axU  or  beam  modulation  amplifier  blanks  the  return  trace  by 
means  of  a  pulse  from  the  sweep  circuit  (see  Fig.  1).  This  blanking  pulse 
is  superimposed  upon  any  external  modulation  signal  by  the  dual-triode  mix¬ 
ing  stage.  Phase  selection  of  the  external  signal  is  accomplished  by  the 
balanced  phase-inverter  and  potentiometer  preceding  the  mixer  stage.  Both 
shunt  and  series  high-frequency  compensation  are  used  in  the  final  stage 


FIG.  8 — The  oscillator  of  the  time-in¬ 
terval  marker  circuit  is  keyed  on  for 
the  duration  of  each  driven  sweep. 
Wave  shapes  show  the  manner  by 
which  the  oscillations  are  converted  to 
marker  pulses 
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Automatic  Tuning  System 

foi  PREHEATING  PLASTICS 


A  small,  reversible  electric  motor  moves  the  top  electrode  away  from  the  plastic  pre¬ 
form  during  the  heating  cycle  in  response  to  an  electronic  control  circuit,  to  keep  the  out¬ 
put  circuit  of  the  h-f  generator  in  tune  despite  changes  in  power  factor  and  swelling 


The  utilization  of  dielectric  elec¬ 
tronic  heating  in  pre-heating 
plastic  molding  materials,  partic¬ 
ularly  the  thermosetting  mate¬ 
rials,  has  proved  to  be  a  defi¬ 
nite  asset  in  plastic  molding  pro¬ 
cesses/*  Production  of  sufficient 
high-frequency  power  at  a  suitable 
frequency  is  a  relatively  simple 
engineering  problem,  but  the  aver¬ 
age  molding  shop  is  generally  too 
crowded  for  location  of  the  neces¬ 
sarily  bulky  generating  equipment 
adjacent  to  the  molding  presses. 
Also,  the  generally  high  ambient 
temperatures,  excessive-  dust,  oc¬ 
casional  steam  and  w-ater  leaks, 
and  the  heavy  work  involved  in 
mold-handling  all  constitute  an  un¬ 
favorable  environment  for  elec¬ 
tronic  equipment. 

These  conditions  led  to  an  as¬ 
sumption  that  the  generating 
equipment  should  be  located  in  a 
remote  and  more  satisfactory  loca¬ 
tion,  and  the  r-f  power  fed  through 
standard  transmission  lines  to  rela¬ 
tively  small  and  simple  heating 
heads  located  at  the  presses.  Fur¬ 
thermore,  such  an  installation 
system  offers  flexibility  in  the  re¬ 
location  of  presses  and  heating 
units,  and  simplifies  maintenance 
by  confining  mechanical  damage  to 
a  readily  replaceable  unit.  Ulti¬ 
mately,  all  of  the  high-frequency 
shop  heating  power  could  be  dis¬ 
tributed  from  a  central  air-condi¬ 
tioned  generating  room  through 
permanently  installed  rigid  high- 
frequency  transmission  lines,  with 
removable  droplines  to  the  indi¬ 
vidual  heating  heads. 

Application  of  such  a  system  is 
straightforward  except  for  the 
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problem  of  coupling  the  material  to 
be  heated  to  the  load  end  of  a 
matched  transmission  line,  in  the 
face  of  variables  during  the  heat¬ 
ing  cycle  and  between  heats.  Two 
experimental  installations  were 
made  in  the  Boonton  Molding  Co. 
plant  at  Boonton,  New  Jersey, 
wherein  an  automatic  tuning  sys¬ 
tem  is  employed  to  stabilize  these 
variables. 

Tuning  Problem 

The  molding  material  to  be  pre¬ 
heated  is  generally  batched  and 
briqueted  into  a  preform  having 


the  right  weight  of  material  to  fill 
the  mold.  The  preform  is  then 
placed  between  plates,  high-fre¬ 
quency  heating  voltage  is  applied 
until  the  material  becomes  plastic, 
and  the  preform  is  transferred  im¬ 
mediately  to  the  mold  and  molded 
before  polymerization  can  take 
place.  Heating  must  be  rapid, 
usually  to  a  temperature  of  about 
320  degrees  F  in  a  minute  or  less, 
to  avoid  polymerization  before  the 
mold  can  be  closed. 

The  preform  with  its  associated 
electrode  plates  constitutes  a  dis- 
couragingly  low  capacitance  requir¬ 
ing  a  rather  high  applied  voltage 
for  a  suitable  heating  rate.  Also, 
the  dielectric  constant  of  the  ma¬ 
terial  changes  greatly  during  the 
heating  cycle  because  of  tempera- 


FIG.  1 — Automatic  tuning  circuit  used  with  h-f  generator  to  keep  the  output 
tank  circuit  in  tune  during  the  heating  cycle 
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ture  coefikient  and  the  chemical 
changes  attendant  upon  plasticiza¬ 
tion. 

The  relatively  low  capacitance 
presented  by  the  dielectric  load,  to¬ 
gether  with  the  necessity  for  main¬ 
taining  a  proper  transmission  line 
termination,  dictate  that  the  heat¬ 
ing  head  be  in  the  form  of  a  reson¬ 
ant  circuit  with  a  maximum  por¬ 
tion  of  the  total  tank  capacitance 
lumped  in  the  material  being 
heated,  automatically  maintained 
in  resonance  during  the  heating 
cycle.  In  the  present  design,  tun¬ 
ing  of  the  circuit  is  varied  by  rais¬ 
ing  or  lowering  the  top  electrode 
plate  through  a  motor-driven  screw 
feed,  thus  readjusting  to  a  constant 
tank  capacitance  in  the  face  of  vary¬ 
ing  dielectric  constant  in  the  ma¬ 
terial.  The  motor  is  in  turn  con¬ 
trolled  by  a  circuit  responsive  to 
the  direction,  capacitive  or  induc¬ 
tive,  of  detuning  of  the  resonant 
circuit! 


ferences  have  been  noted  that  would 
represent  a  frequency  deviation  ap¬ 
proaching  ten  percent  from  the 
nominal  frequency,  due  mostly  to 
moisture  variations  that  are  withfn 
acceptable  limits  from  the  molder’s 
standpoint. 


ranged  to  stop  the  motor  near  the 
extreme  limits  of  plate  travel.  The 
limit  switches  are  connected  to 
stop  the  motor  only  in  the  directio*. 
of  overtravel,  still  allowing  the  mo 
tor  to  return  the  plate  to  its  normal 
position  without  manual  resetting. 
To  facilitate  manual  operation  of 
the  plates  during  adjustment  of  the 
tuning  bridge  or  determination  of 
the  resonant  spacing  for  an  un¬ 
known  preform,  a  two-position 
switch  disconnects  the  automatic 
tuning  motor  relay  and  connects 
run-up  and  run-down  pushbuttons 
for  manual  operation  of  the  tuning 
motor. 

The  total  change  in  dielectric 
constant  is  apparently  considerable 
because  without  the  automatic  tun¬ 
ing  feature  typical  preforms  change 
the  resonant  frequency  of  the  heat¬ 
ing  tank  circuit  from  ten  to  eight¬ 
een  percent.  In  practice  this  re¬ 
quires  a  total  excursion  of  the  top 
plate  of  approximately  one  tenth 
the  preform  thickness  during  the 
heating  cycle,  and  a  plate  speed  of 
two  to  four  inches  per  minute  has 
been  found  satisfactory  for  pre¬ 
forms  up  to  four  inches  in  thick¬ 
ness.  The  air  space  between  the  top 
plate  and  the  preform  has  only  a 
negligible  effect  upon  efficiency,  but 
in  general  is  not  allowed  to  exceed 
one-fifth  of  the  preform  thickness 
to  avoid  excessive  field  fringing  and 
uneven  preform  heating. 


Meters  and  Limit  Switches 

Two  indicating  instruments  are 
connected  in  the  tuning  bridge  to 
assist  in  adjustment  A  milliam- 
meter  in  the  common  cathode  return 
indicates  the  total  level  of  grid  and 
plate  inputs  to  the  bridge,  and  a 
zero-center  microammeter  in  the 
polarized  sensitive  relay  circuit  in¬ 
dicates  the  differential  bridge  out¬ 
put,  serving  to  check  the  overall 
operation  of  the  bridge  and  assure 
sufficient  margin  of  current  in  each 
direction  for  operation  of  the  relay. 
In  practice,  the  plate  and  grid  cir¬ 
cuit  couplings  and  capacitances  are 
adjusted  primarily  for  symmetrical 
operation  of  the- zero-center  meter 
rather  than  exact  resonance;  slight 
detuning  of  one  or  both  circuits 
may  be  desirable  to  compensate  for 
residual  phase  differences  between 
the  power  and  pilot  transmission 
line  terminations. 

To  avoid  mechanical  jamming  of 
the  tuning  plate,  the  plate  drive  is 
equipped  with  a  disengaging  gear 
to  disengage  the  motor  if  the  plate 
comes  down  into  contact  with  the 
preform,  and  limit  switches  are  ar¬ 


Automatic  Tviiiiig  System 

The  tuning  circuit  is  illustrated 
in  Fig.  1.  Two  triodes  connected  as 
a  phase-sensitive  bridge  rectifier 
are  coupled  to  the  heating  tank  and 
to  the  driver  output.  Coupling  to 
the  driver  is  made  through  a  sepa¬ 
rate  line  to  include  phase  shifts 
through  the  power  transmission 
line  caused  by  detuning  of  the  heat¬ 
ing  circuit.  The  circuits  are  ad¬ 
justed  so  that  the  bridge  d-c  output 
is  zero  when  the  heating  tank  is  in 
resonance  with  the  driver.  As  the 
heating  tank  circuit  detunes  during 
the  heating  cycle,  the  characteris¬ 
tic  shift  in  phase  of  the  current  in 
the  heating  head  tank  inductance, 
relative  to  the  phase  of  the  current 
in  the  driver  output  inductance, 
causes  an  unbalanced  d-c  rectifier 
output.  The  polarity  of  this  d-c  out¬ 
put  is  dependent  upon  whether  de¬ 
tuning  is  capacitive  or  inductive  in 
direction.  The  d-c  output  is  fed  to 
a  polarized  relay  that  controls  a 
reversible  motor  to  retune  the  heat¬ 
ing  circuit.  The  dielectric  constant 
increases  during  the  heating  cycle 
and  the  plate  spacing  thus  in¬ 
creases,  which  accommodates  a 
tendency  of  the  preforms  to  swell 
as  they  become  plastic. 

Automatic  tuning  has  the  addi¬ 
tional  advantage  of  adjusting  itself 
to  the  normal  random  differences 
between  preforms.  In  practice,  dif¬ 


Experimental  installation  for  dioloctiic  preheating  of  plastic  preforms  at  plant 
of  Boonton  Molding  Co.  The  electronic  generator  cabinet,  at  the  left  of  the 
molding  presses,  is  normally  closed  and  force-rentilated  through  filter  screens. 
The  heating  head  may  be  seen  to  the  right  of  the  molding  presses 


December  1944  —  ELECTRONICS 


It  is  interesting  to  note  that  the 
dielectric  constant  change  in  all 
the  thermosetting  materials  tested 
is  only  partly  due  to  positive  tem¬ 
perature  coefficient;  about  half  the 
increase  is  a  permanent  change  ac¬ 
companying  polymerization.  Also, 
the  power  factor  of  the  material 
approximately  doubles  during  heat¬ 
ing,  increasing  the  generator  load¬ 
ing  and  the  heating  rate  toward  the 
end  of  the  heating  cycle. 

Overload  Preblemt 

In  operation,  when  a  heated  pre¬ 
form  is  removed,  a  new  one  put  in 
place  and  the  power  applied,  the 
top  plate  must  run  down  to  its 
starting  position.  During  this 
period  the  heating  tank  is  off  reson¬ 
ance,  mismatching  the  transmis¬ 
sion  line  and  running  the  generator 
virtually  unloaded.  Also,  the  dan¬ 
ger  of  accidental  operation  of  the 
equipment  without  a  preform  in 
place  must  be  considered.  These 
conditions  require  that  the  genera¬ 
tor  and  transmission  line  be  some¬ 
what  overdesigned  to  withstand 
voltage  and  current  maximums  of 
at  least  short  duration.  In  practice, 
generator  tank  capacitor  flashovers 
and  transmission  line  overheating 
have  been  by  far  the  greatest  source 
of  trouble  because  straightforward 
radio  design  factors  were  applied 
without  initial  regard  for  the  fac¬ 
tors  peculiar  to  this  application. 

Automatic  Switching 

Although  any  number  of  heating 
heads  may  be  driven  simultaneously 
from  a  generator  capable  of  sup¬ 
plying  sufficient  power,  the  installa¬ 
tion  illustrated  was  designed  to 
heat  relatively  large  preforms  using 
one  head  at  a  time,  the  presses  be¬ 
ing  cycled  and  the  heads  operated 
in  rotation  for  maximum  use  of  the 
generator.  It  then  becomes  neces¬ 
sary  to  interlock  the  heating  heads 
so  that  operation  of  one  head  will 
lock  out  all  other  heads.  This  is 
accomplished  by  a  conventional  in¬ 
terlocked  contact  system  using  the 
contacts  on  the  heating  cycle  timers. 
Each  head  is  equipped  with  its  in¬ 
dividual  timer  arranged  for  push¬ 
button  starting  and  automatic 
cutoff.  Green  indicator  lamps  oper¬ 
ate  on  all  heads  when  none  are  in 
use  and  go  out  when  any  head  is 
put  in  operation.  A  red  indicator 
lamp  lights  individually  on  each 


head  while  the  head  is  in  operation, 
and  goes  out  at  the  end  of  the 
heating  period. 

Operation  of  any  one  of  the  heads 
energizes  a  magnetic  contactor  in 
the  generator  plate  supply,  turning 
on  the  high-frequency  power.  In 
addition,  operation  of  any  head 
controls  a  motor-driven  variable 
plate-input  transformer  to  deliver  a 
preselected  generator  output  indi¬ 
vidually  adjustable  for  each  head. 
Different  power  inputs  for  each 
head  could  be  obtained  alternatively 
by  individually  coupling  each  trans¬ 
mission  line  to  the  generator  with 
varying  degrees  of  coupling,  but 
the  present  ,  method  wherein  the 
generator  is  fully  loaded  at  all  times 
seems  the  most  efficient. 

To  avoid  unused  transmission 
lines  acting  as  stub  lines,  each  line 
is  connected  at  the  generator 
through  a  standard  antenna  switch¬ 
ing  relay  that  closes  only»when  that 
particular  head  is  operated.  How¬ 
ever,  if  the  heads  are  in  a  group 
located  some  distance  from  the 
generator  the  transmission  line  dis¬ 
tribution  relays  may  be  mounted 
in  a  distribution  box  centrally  lo¬ 
cated  with  respect  to  the  heads, 
with  a  common  transmission  line 
back  to  the  generator.  The  pilot 
transmission  lines  for  operation  of 
the  tuning  circuits  are  relatively 
small  and  loosely  coupled  to  the 
generator,  and  may  be  connected 
permanently  in  parallel  without 
switching. 

Operation  of  Heating  Head 

The  level  of  high-frequency 
energy  required  to  heat  most  pre¬ 
forms  in  a  suitably  short  time  per¬ 
iod  is  sufficiently  high  to  be  dan¬ 
gerous  to  the  operator.  Also,  the 
heating  process  is  routine  and  the 
equipment  is  operated  by  personnel 
probably  unfamiliar  with  the  haz¬ 
ard  involved.  Consequently  some 
suitable  safety  device,  such  as  an 
access  door  switch,  should  be  incor¬ 
porated  to  make  touching  of  a  hot 
circuit  impossible.  In  addition, 
grounding  of  the  feed  line  or  coup¬ 
ling  loops  to  prevent  accidental  ap¬ 
pearance  of  the  driver  plate  voltage 
at  the  electrode  plates  is  recom¬ 
mended.  Hazard  is  then  limited  at 
least  to  high-frequency  burns  where 
the  principal  danger  is  infection. 

The  heating  head  must  operate 
under  rather  adverse  conditions  of 


Typical  hooting  hood,  with  proionn  in 
position.  Knob  at  bottom  contor  con¬ 
trols  piTotod  safety  doors.  By  em¬ 
ploying  flexible  coaxial  cable,  a  heating 
head  can  be  set  up  in  a  plant  and 
quickly  connected  to  the  nearest  con- 
renient  oeerhead  rigid  high-frequency 
line  going  to  the  electronic  generator 

treatment,  dust,  temperature,  hu¬ 
midity  from  steam  leaks,  etc.  Plug 
connection  of  control,  power  and 
high-frequency  lines  to  facilitate 
routine  replacement  for  cleaning 
and  adjustment  is  therefore  advis¬ 
able.  The  heating  plates  rather 
rapidly  become  coated  with  hard¬ 
ened  resin  from  the  molding  mate¬ 
rial,  and  should  be  arranged  for 
convenient  frequent  removal  for 
cleaning  or  replacement  by  the  op¬ 
erator. 

Many  variations  from  the  par¬ 
ticular  experimental  installation 
de.scribed  are  obvious.  For  exam¬ 
ple,  it  is  possible  to  arrange  the 
automatic  tuner  to  adjust  a  vari¬ 
able-frequency  generator  to  reso¬ 
nance  with  a  fixed  heating  head 
tank  circuit,  although  such  a  sys¬ 
tem  does  not  appear  as  flexible. 
Where  the  heating  heads  are  oper¬ 
ated  one  at  a  time  a  single  tuning 
bridge  located  in  the  generator  can 
be  arranged  to  tune  all  heads  in 
turn.  Individual  bridge  adjustment 
is  considerably  more  reliable  where 
the  power  demand  between  heads 
varies  greatly,  but  in  many  cases 
could  be  eliminated  for  simplicity. 
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A  Continuous-Control 
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Synchronous  transformer  used  to  translate  mechanical  position  into  electrical  phase  shift 
in  electronically  controlled  serTO  systems.  The  rotor  and  stator  are  visible  in  this  photograph 


This  continuous-control  positioning  system  uses  synchronous  transformers,  electronic 
anti-hunting  circuits  and  electric  damping,  electronic  error  indication,  saturable  reactor 
control  of  motors  and  a  dual  gear  system  to  increase  the  accuracy  of  the  data  system 


equy 
airci 
T1 
cuss 
tinu 
defii 
ing 
tion 
will 
con 
dirt 
dev 
typ 
anc 
at  < 
tic: 
th( 
mi 
pli 
m( 
fo 

I 

ar 

in 

Pt 

w 

i  P 


Ilf 


SERVO  mechanisms,  although  not 
basically  new,  are  finding  new 
and  important  applications.  The  de¬ 
velopment  of  servos  has  followed  a 
demand  imposed  by  the  increasing 
complexity  of  modern  machines. 
The  need  for  servos  has  been  recog¬ 
nized  where  it  has  been  necessary  to 
substitute  a  positive  electro-me¬ 
chanical  control  for  a  less  positive 
and  less  certain  manual  control. 
Control  problems  wherein  direct 
merchanical  linkage  between  oper¬ 
ator  and  machine  is  impossible 
make  the  servo  a  necessity.  More¬ 
over,  where  mechanical  linking  be¬ 
tween  an  operator  and  a  load  is 
possible,  servo  mechanisms  can  be 
employed  as  torque  amplifiers,  thus 
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permitting  accurate  control  of  the 
movement  of  large  loads  with  a 
minimum  of  effort. 

Applications  of  servo  mechan¬ 
isms  are  numerous.  Rather  than 
consider  any  specific  case,  general 
circuits  and  equipment  will  be  dis¬ 
cussed  in  a  manner  most  likely  to 
assist  the  engineer  who  is  con¬ 
fronted  with  a  problem  which  can 
be  solved  by  a  continuous-control 
servo.  A  mathematical  analysis  of 
servo  mechanisms  can  be  obtained 
from  the  references  at  the  end  of 
this  article. 


In  general,  servo  mechanisms  are 
devices  for  automatic  control  in 
which  the  output  is  proportional  to 
the  magnitude  and  direction  of  the 
input  action.  The  input  or  control 
point  in  the  system  is  the  point  at 
which  the  arbitrary  or  predeter¬ 
mined  change  is  introduced.  The 
output  is  the  point  in  the  system 
which  constitutes  the  load. 


Servo  Systems 

Servo  mechanisms  of  all  types 
may  be  divided  into  two  general 
classes,  namely,  the  stepping  or  on- 
off  systems  and  the  closed  cycle  or 
continuous-control  systems.  Their 
innumerable  applications  range 
from  the  solution  of  differential 


Oece/nher  194^  —  ELECTRONICS 


1 


Servo  System 


^Driv^ 

spXitor. 


equations  to  automatic  control  of 
aircraft. 

The  system  which  will  be  dis¬ 
cussed  here  is  of  the  electronic  con¬ 
tinuous-control  type,  which  may  be 
defined  as  a  type  in  which  a  restor¬ 
ing  force  is  approximately  propor¬ 
tional  to  the  deviation  of  the  output 
with  respect  to  the  input  and  acts 
continuously  on  the  output  in  both 
direction  and  magnitude  until  the 
deviation  has  been  corrected.  This 
type  of  servo  would  be  ideal  .if  input 
and  output  indications  were  equal 
at  every  instant.  Since  it  is  imprac¬ 
ticable,  if  not  impossible,  to  realize 
the  ideal,  a  certain  amount  of  error 
must  be  accepted  in  such  servo  ap¬ 
plications.  This  type  of  servo 
mechanism  is  often  referred  to  as  a 
follow-up  system  in  which  tolerable 
limits  of  error  depend  on  the 
amount  the  load  can  lag  or  lead  its 
indicated  position  at  the  control 
point  without  seriously  interfering 
with  efficient  operation. 

Fundamentally,  the  block  dia¬ 
gram  show’n  in  Fig.  1  is  representa¬ 


tive  of  most  closed-cycle  electronic 
servo  systems.  There  are  usually 
tw’o  electrical  devices  which  fur¬ 
nish  displacement  data.  Their  prin¬ 
ciple  of  operation  is  equivalent  to 
that  of  a  Wheatstone  bridge.  One 
unit  is  located  at  the  point  of  direc¬ 
tion  (control  point)  and  the  other 
is  associated  with  the  load.  The 
balance  of  the  bridge  can  be  dis¬ 
turbed  or  corrected  at  either  loca¬ 
tion.  If  an  unbalance  is  made  at  the 
control  point,  the  output  of  the 
bridge,  if  of  sufficient  power,  could 
be  used  directly  to  drive  a  motor 
that  would  automatically  make  the 
correction  at  the  load.  This  in  it¬ 
self  constitutes  the  operating  prin¬ 
ciples  of  a  servo  system.  For  the 
particular  servo  being  considered, 
power  from  the  bridge  is  used  to 
control  a  larger  source  of  energy 
w’hich  in  turn  is  supplied  to  a  motor 
of  sufficient  size  to  perform  the  de¬ 
sired  function  in  addition  to  bal¬ 
ancing  the  bridge.  The  character 
of  the  load  in  every  case  will  de¬ 
termine  the  nece.ssary  amount  of 


Poin/'  of 
direcfion 


FIG.  1 — A  Wheatstone  bridge,  two  arms 
oi  which  are  mechanical  and  two  arms 
ol  which  are  electrical,  constitutes  the 
basic  servo  system 


BELOW 


FIG.  2 — This  complete  servo  circuit  pro¬ 
vides  continuous  adiustment  oi  the 
load  and  also  gives  an  indication  o! 
the  error  between  the  load  position  and 
the  position  set  at  the  control  point 
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power.  In  any  event,  the  above 
principle  will  be  carried  out  since 
the  motor  will  only  run  until  the 
unbalanced  condition  has  been  cor¬ 
rected.  When  this  point  is  reached 
its  source  of  energy  will  be  cut  off. 


whose  output  is  coupled  to  a  relay 
circuit.  The  rectified  output  is  sup¬ 
plied  to  a  vacuum  tube  and  satur¬ 
able  reactor  amplifying  section 
through  input  signal  control  cir¬ 
cuits.  The  saturable  reactors  form 
part  of  an  a-c  bridge  that  supplies 
power  to  the  variable  phase  wind¬ 
ing  of  a  split-phase,  low-inertia  mo¬ 
tor.  The  motor  is  connected  through 
gearing  to  the  load  and  also  to  the 
rotors  of  the  synchronous  trans¬ 
formers. 

The  two  transmitter  rotor  wind¬ 
ings  are  connected  in  parallel  to  a 
source  of  116-volt,  60-cycle  current. 
Their  rotating  members  are  geared 
to  the  positioning  control  at  the 
point  of  direction.  The  two  rotors 
serve  as  primary  windings  to  a  1:1 
data  system  and  a  33:1  data  sys¬ 
tem  respectively.  In  each  case 
there  are  three  stator  windings 
whose  flux  fields  are  angularly 
spaced  120  degrees.  The  angle  be¬ 
tween  each  stator  winding  and  the 
rotor  is  continuously  variable  over 
360  degrees.  Individual  stator  po¬ 
tentials  are  accordingly  a  function 
of  the  sine  of  the  displacement  an¬ 
gle.  The  stator  windings  of  the 
transmitter  are  connected  to  cor¬ 
responding  windings  on  the  trans¬ 
former. 

Since  current  flow  in  each  stator 
is  a  function  of  the  primary  rotor 
position,  the  resultant  field  estab¬ 
lished  in  the  transformer  stators 
will  rotate  in  synchronism  with  the 
transmitter  rotor.  Coupling  be¬ 
tween  the  magnetic  field  and  the 
output  winding  of  the  transformer 
rotor  is  zero  when  the  coupling  is 
at  right  angles,  hence  the  output  is 
zero.  If  the  angle  is  changed  from 
this  right-angle  position  in  either  a 
positive  or  negative  direction,  a 
voltage  is  induced  in  the  rotor  wind¬ 
ing.  The  phase  of  this  voltage  will 
differ  by  180  degrees  for  either  of 
these  two  directions.  As  the  dis¬ 
placement  angle  is  increased  a  sin¬ 
usoidal  voltage  will  be  produced, 
reaching  a  maximum  at  90  degrees 
and  reducing  to  zero  at  180  degrees, 
hence  there  are  two  zero  positions 
The  rotors  of  the  transmitters,  180  degrees  apart, 
and  likewise  those  of  the  trans¬ 
formers,  are  mechanically  con-  l"cr«a..d  Data-System  Accuracy 

nected  through  33:1  gearing,  and  When  the  output  voltage  of  the 
the  output  of  this  system  is  coupled  data  system  is  zero,  the  angle  of 
to  an  error-indicating  circuit  and  displacement  between  the  primary 
phase-sensitive  rectifiers.  There  is  and  secondary  rotors  with  respect 
also  a  one-to-one  gearing  system  to  a  common  reference  point  may 


Themsmithtr 


Sfafw  conrMcticns 


Syacbreaeus  Data  Trausmittar 

A  servo  begins  to  operate  as  a 
result  of  a  displacement  introduced 
at  the  point  of  direction.  In  the 
present  system,  this  displacement 
turns  the  energized  rotor  of  an  a-c 
synchronous  transmitter,  which 
changes  the  angular  position  of  a 
flux  field  already  established  by  the 
rotor  winding  and  linked  to  a  set  of 
stator  windings.  The  change  in  the 
field  position  is  transmitted  elec¬ 
trically  to  similar  stator  windings 
of  an  a-c  synchronous  transformer, 
where  a  resultant  stator  field  as¬ 
sumes  a  new  angular  position  with 
respect  to  the  transformer  rotor.  A 
voltage  called  the  displacement  volt¬ 
age  is  therefore  induced  in  the 
transformer  rotor. 

The  a-c  synchronous  transmitter 
is  located  and  operated  at  the  con¬ 
trol  point  in  the  system  and  the  a-c 
synchronous  transformer  is  asso¬ 
ciated  with  the  controlled  load 
which  may  be  at  some  distant  loca¬ 
tion.  A-C  synchronous  devices  used 
in  this  manner  may  be  referred  to 
as  the  data  system  of  the  servo, 
and  voltages  derived  from  this  sys¬ 
tem  are  a  function  of  angular  dis¬ 
placements  between  the  transmit¬ 
ter  and  the  transformer  -  rotors. 
Such  angular  displacements,  as  will 
be  more  clearly  seen  later,  are 
fairly  accurate  indications  of  error 
between  director  and  load,  except 
for  errors  inherent  in  the  data  sys¬ 
tem.  These  errors,  which  are  often 
excessive,  add  to  and  subtract  from 
the  actual  displacement  indications. 
The  magnitude  of  this  type  of  error 
may  vary  from  plus  or  minus  a  few 
tenths  of  a  degree  to  several  de¬ 
grees  in  different  synchronous 
units,  and  therefore  their  accuracy 
should  be  determined  before  the 
synchronous  units  are  utilized  in  a 
system. 

The  displacement  voltage  as¬ 
sumes  a  direction  and  magnitude 
which,  when  amplified,  exerts  a 
control  on  the  driving  motor  volt¬ 
age  corresponding  to  the  rate  and 
direction  of  change  initially  intro¬ 
duced  at  the  input.  The  drive  motor 
rotates  the  load  in  accordance  with 


Confro/ 


FIG.  3 — ^At  (a)  is  shown  by  moans  of 
dials  tho  condition  for  all  parts  of  the 
serro  system  in  perfect  alignment, 
while  (b)  illustrates  how  the  gearing 
reduces  errors  which  may  appear  in 
the  transmitter  network.  There  is  only 
a  slight  misalignment  between  control 
and  load 


this  control,  and  also  turns  the  ro¬ 
tor  of  the  transformer  by  means  of 
gears  through  the  load.  Positional 
relationships  of  ti.e  load  and  trans¬ 
former  rotor  are  maintained 
through  the  gearing,  and  when  the 
load  is  moved  the  transformer  rotor 
moves  toward  a  position  at  which 
no  displacement  voltage  will  result. 
In  this  new  position  the  load  ceases 
to  receive  energy  and  movement 
stops.  At  this  point  of  equilibrium 
the  system  is  at  rest,  and  will  re¬ 
main  so  until  a  further  displace¬ 
ment  is  introduced  at  the  point  of 
direction.  Figure  2  is  a  schematic 
representation  of  this  type  of  servo 
mechanism,  which  is  to  be  described 
in  some  detail.  It  will  be  seen  that 
this  circuit  contains  a  dual  system 
of  a-c  synchronous  devices. 
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likewise  be  considered  to  be  zero. 
If  the  primary  rotor  is  given  an 
angular  displacement,  the  output 
voltage,  which  will  be  a  function  of 
the  sine  of  this  angle,  will  exert  a 
control  on  the  drive  motor  that  will 
make  it  rotate  the  secondary  rotor 
until  it  has  approximately  equaled 
the  primary  displacement  and  re¬ 
duced  the  output  voltage  to  zero. 
Since  it  is  practically  impossible  to 
construct  the  synchronous  units 
without  some  error,  it  can  only  be 
said  that  the  displacement  between 
the  primary  and  secondary  rotors  is 
now  zero  within  the  accuracy  lim¬ 
its  of  the  data  system. 

When  a  servo  application  calls 
for  accuracies  that  will  not  allow 
maximum  overall  system  errors  to 
exceed  plus  or  minus  0.1  degree, 
but  maximum  errors  in  the  syn¬ 
chronous  units  themselves  measure 
approximately  0.6  degree,  a  data 
system  similar  to  that  shown  in 
Fig.  2  may  be  used.  The  inherent 
errors  of  such  a  data  system  will 
have  an  apparent  maximum  value 
of  0.6/33,  or  approximately  0.02 
degrees. 

The  a-c  synchronous  transmitter 
and  transformer  rotors,  Ln  and  Lu 
of  Fig.  2,  are  for  illustrative  pur¬ 
poses  represented  by  dials  in  Fig. 
3(a).  According  to  both  figures, 
Lit  should  make  33  revolutions  to 


one  revolution  of  the  dial  represent¬ 
ing  the  load.  The  output  voltage 
and  all  dials  in  the  systems  are  set 
at  zero,  and  therefore  the  indi¬ 
cated  position  of  the  load  is  correct. 

The  system  is  shown  again  in 
Fig.  3(b),  but  the  position  of  the 
load  as  indicated  by  the  control  has 
been  changed  two  degrees.  Due  to 
the  gearing  the  transmitter  rotor 
advances  66  degrees.  Assuming 
that  at  this  point  in  the  data  sys¬ 
tem  there  was  an  error  of  plus  0.6 
degree,  rotor  L„  would  advance 
66.6  degrees  to  reduce  the  output 
voltage  to  zero,  but  because  of  the 
gearing  between  Lit  and  the  load, 
the  latter  rotates  approximately 
2.02  degrees.  The  error  between 
dial  and  load  is  thus  only  0.01 
percent. 

Although  errors  in  the  data  sys¬ 
tem  vary  from  0  to  0.6  degree  in 
this  illustration,  they  will  not  ap¬ 
pear  greater  than  0.02  ‘degree  be¬ 
tween  the  indicator  dial  and  the 
load.  In  order  to  realize  such  re¬ 
ductions  all  gearing  and  mechanical 
couplings  used  between  points  must 
be  free  of  backlash. 

Director  Misalignment 

Whenever  it  becomes  necessary 
to  employ  a  gear  train  with  larger 
than  a  one-to-one  ratio  between  the 
transformer  rotor  and  the  main- 


shaft  of  the  load,  there  will  be  a 
possibility  of  misalignment  between 
the  director  and  the  load.  In  the 
present  system  there  are  33  differ¬ 
ent  angular  positions  at  which  the 
load  could  come  to  rest  with  respect 
to  some  common  point  on  the  indi¬ 
cator  because  at  each  position  the 
output  voltage  of  the  data  system 
would  be  zero. 

To  prevent  this  kind  of  misalign¬ 
ment,  a  second  set  of  synchronous 
units  is  necessary.  Their  primary 
and  secondary  rotors  are  connected 
respectively  to  the  indicator  shaft 
and  mainshaft  of  the  load  through 
a  one-to-one  gearing.  The  second¬ 
ary  winding  La  in  Fig.  2  is  coupled 
to  a  relay  control  circuit  which 
causes  a  s3mchronizing  relay  to 
function  when  the  displacement 
voltage  reaches  some  predeter¬ 
mined  value.  Actually,  the  grid 
bias  adjustment  at  will  allow 
the  relay  to  be  energized  before  the 
angular  displacement  of  the  one-to- 
one  system  exceeds  four  degrees. 
The  33:1  data  system  is  then  dis¬ 
connected  from  the  amplifier  input 
circuits  by  the  switching  of  Si. 
Voltage  from  the  one-to-one  system 
will  now  furnish  data  to  the  ampli¬ 
fier  until  the  displacement  angle  has 
become  less  than  four  degrees.  This 
switching  occurs  when  the  angular 
difference  between  the  primary  and 
secondary  rotors  of  the  33:1  system 
is  approximately  132  degrees,  with 
respect  to  a  zero-angle  point  of 
reference. 

There  are  two  zero-voltage  posi¬ 
tions  180  degrees  apart.  One  such 
position  is  referred  to  as  the  stable 
null  and  the  other,  the  unstable 
null.  When  either  of  the  synchron¬ 
ous  systems  is  connected  to  the 
amplifier  circuits,  it  is  characteris¬ 
tic  of  the  induction  motor  to  re¬ 
spond  to  off-null  voltages  in  a  direc¬ 
tion  corresponding  to  their  phase. 
Thus,  the  motor  will  always  rotate 
the  transformer  rotor  toward  its 
stable  null-point. 

When  the  33:1  synchronous  sys¬ 
tem  is  loaded  by  the  input  imped¬ 
ance  of  the  amplifier  and  error  indi¬ 
cator  circuit,  it  will  produce  0.87 
volt  rms  for  the  first  degree  of  dis¬ 
placement  between  Ln  and  L.,  in 
Fig.  2.  Actually  the  displacement 
between  the  indicator  and  the  load, 
as  a  result  of  the  gearing,  will  be 
0.03  degree.  This  indicates  a  gain 
of  33  when  using  a  high  and  low 
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FIG.  4 — The  stabilizing  omd  grid-con¬ 
trol  Toltagos  doToloped  by  tbo  phase- 
sensitiee  rectifier  ore  in  opposition. - 


FIG.  5 — When  there  is  an  error  Tolt- 
age.  the  balance  in  the  motor  control 
triodes  is  upset  os  indicoted  here 
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is  developed  in  transformer  rotor 
Lit,  it  will  be  in  phase  with  the  115- 
volt  source,  or  reference  voltage,  in 
one  transformer  (Ti  for  example), 
and  180  degrees  out  of  phase  with’ 
the  reference  voltage  of  the  other 
transformer.  Capacitor  Ci,  in  com¬ 
bination  with  Ru,  provides  correct 
phasing  of  the  displacement  and 
reference  voltages. 

A  displacement  voltage  of  either 
phase  will  result  in  a  difference  in 
current  flow  through  and  /?,  as 
well  as  through  R^  and  Rt.  The 
algebraic  difference  between  the 
current  through  Ri  and  R^  deter¬ 
mines  the  direction  of  current  flow 
through  Rf  and  R^.  Reference  to 
Fig.  4  indicates  that  both  IRi  —  IRj 
and  IR3  —  IRi  are  functions  of*  the 
displacement  voltage,  but  are  of  op¬ 
posite  phase  and  because  of  the  in¬ 
put  transformer  ratios  the  latter  is 
double  the  former.  That  is,  IR3  — 
IR^  =  —2(7/2,  —  IRi).  The  first 
half  of  this  equation  represents  the 
stabilizing  voltage  and  the  second 
half  represents  the  grid  difference 
voltage. 

A  variation  in  the  stabilizing 
voltage  will  result  in  a  similar  vari¬ 
ation  in  the  charge  on  capacitor  C«. 
The  magnitude  and  sign  of  the 
voltage  across  resistor  R^  will  be 
ampere.  Primaries  L,  and  L,  are  proportional  to  the  current  flowing 
connected  in  series  with  dropping  in  capacitor  This  voltage  acts  in 
resistor  7? ,  and  phasing  capacitor  phase  opposition  to  signal  currents 
C,  across  the  115-volt  alternating  flowing  through  72,  and  R-„  and  as 
source.  Primaries  L,  and  L*  are  will  be  seen,  prevents  hunting,  an 
connected  in  parallel  and  receive  undesirable  serve  characteristic 
signal  currents  from  the  data  sys-  when  a  high  rate  of  response  and 
tern.  small  steady-state  deviations  are 

The  signal  current  is  combined  desired, 
with  the  reference  current  in  each 
transformer.  A  resultant  flux 
causes  a  current  flow  in  secondaries 
L„  L,  and  L  ,  L,  that  is  proportional 
to  the  magnitude  and  phase  of  the 
respective  currents. 

If  an  instantaneous  primary  cur¬ 
rent  causes  the  plates  of  F,  and  F, 
to  go  positive  while  the  displace¬ 
ment  voltage  is  zero,  equal  voltages 
of  opposite  polarity  will  appear 
across  72,  and  R^.  Similar  voltages 
will  appear  across  72;,  and  72,.  Under 
these  conditions  no  current  will 
flow  in  72,  and  72„  nor  through  72, 
and  capacitor  C«.  Capacitors  Ct,  C„ 

C,  and  C„  and  shunting  resistors 
72„  72;,  R,,  and  72,  function  as  filters 
for  the  rectified  half-wave  currents. 

When  transmitter  rotor  L,,  is  dis¬ 
placed  and  a  corresponding  voltage 


Primary 


FIG.  6 — A*  indicated  by  this  drawing 
of  one  oi  the  saturable  reactors,  the 
alternating  component  oi  flux  is  kept 
out  oi  the  primary  leg.  but  the  direct 
component  oi  flux  flows  in  both  sec¬ 
ondary  legs 


speed  system  in  addition  to  effec¬ 
tively  reducing  system  errors  by 
the  same  amount. 


Electrical  Damping 

Capacitors  C,  and  C,,  serve  as 
neutralizing  capacitors  to  prevent 
low-frequency  oscillation  of  the 
servo.  The  function  of  the  stabiliz¬ 
ing  voltage  across  72,  is  to  oppose 
changes  in  displacement  voltages 
and  its  peak  value  is  intended  to  be 
slightly  greater  than  the  772,  —  772, 
difference  .voltage.  Without  these 
capacitors  in  the  circuit  the  follow¬ 
ing  action  would  result. 

During  any  change  in  displace¬ 
ment  the  action  of  the  voltage 
across  72,  will  be  in  phase  with  the 
change.  Because  it  is  of  a  greater 
potential  than  the  signal,  it  causes 
a  current  flow  through  72,  and  72,  in 
a  direction  opposite  to  that  desired. 
The  resulting  grid  difference  volt¬ 


age  will  cause  an  increase  in  dis¬ 
placement  until  it  has  reached  90 
degrees.  At  this  angle,  the  displace¬ 
ment  voltage  and  the  charge  on  C, 
reach  a  maximum,  and  the  voltage 
across  72,  drops  to  zero.  The  772,  — 
772,  difference  voltage  is  now  able 
to  correct  this  displacement,  but 
after  having  been  reduced  to  zero 
the  above  action  is  again  repeated, 
this  time  in  the  opposite  direction. 

To  prevent  such  oscillations,  C, 
and  Cio  in  combination  with  72,  and 
72,  function  as  a  bridge  across 
whose  output  are  resistors  72,  and 
72,.  For  a  short  period  the  drop 
across  72,  is  greater  than  the 
772,  —  772,  difference  voltage  for  all 
practical  purposes  and  the  bridge 
will  be  balanced. 

The  function  of  the  anti-hunt  cir¬ 
cuit  is  to  superimpose  a  voltage  on 
the  signal  to  the  amplifier.  This 
superimposed  voltage  acts  in  oppo¬ 
sition  to  potential  changes  in  the 
signal.  Since  hunting  or  unstable 
conditions  produce  displacement 
voltages  of  an  oscillatory  character, 
either  electrical  or  mechanical 
damping  could  be  used  to  offset 
such  action.  The  action  of  the  pres¬ 
ent  circuit  is  analogous  to  that  of 
an  inductance.  It  can  be  better  un¬ 
derstood  if  a  step  increment  of  dis¬ 
placement  voltage  is  analyzed. 

lllustratloR  of  Strve  CircMlt  Response 

Consider  a  0.5  volt  displacement 
which  causes  a  step  increment  of  an 
772,  —  772,  voltage  difference  of  2.5 
volts,  of  polarity  shown  in  Fig.  2. 
At  the  same  time  this  0.5  volt  dis¬ 
placement  causes  a  step  increment 
of  an  772,  —  772,  voltage  difference 


FIG.  7 — The  impedance  oi  the  satur¬ 
able  reactor  secondary  is  controlled  by 
the  direct  current  in  the  primory 
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of  5.0  volts.  During  this  step  func-  change  in  polarity  of  the  grid  dif- 
tion,  capacitor  C«  has  the  effect  of  a  ference  voltage  and  the  stabilizing 


short-circuit,  causing  an  IR  drop  of 
3.3  volts  across  i?,. 

Currents  from  each  source  will 
tend  to  flow  through  R„  and  R^  in 
opposite  directions.  By  adjustment 
of  Ri  the  current  flow  can  be  made 
zero  for  an  instant,  allowing  the 
input  voltage  to  the  amplifier  to 
change  with  time.  Neglecting  the 
rectifier  and  transformer  winding 
resistance,  which  are  negligible,  the 
time'  constant  of  the  circuit  is 
r  =  [i?.  +  {R,  +  i?4)/2]C..  The 
time  at  which  the  amplifier  input 
voltage  begins  to  rise  from  zero  is 
actually  delayed  by  the  adjustment 
of  Ri  to  a  point  where  the  opposing 
voltage  is  greater  than  the  input 
voltage,  between  2.5  and  3.3  volts 
in  this  illustration. 

The  charging  time  of  C*,  in  com¬ 
bination  with  the  adjustment  of  /2.., 
produces  a  servo  response  that  is 
proportional  to  an  integral  of  the 
displacement  voltage.  After  a  time 
interval,  the  motor  assumes  a  veloc¬ 
ity  that  is  proportional  to  the  dis¬ 
placement.  Thus  violent  action  is 
prevented  and  at  the  same  time 
rapid  follow-up  is  permitted  when 
restoring  forces  make  corrections 
in  displacements. 

When  the  displacement  is  given 
a  constant  velocity,  the  motor  will 
also  attain  a  constant  velocity,  be¬ 
low  a  limit  fixed  by  the  rpm  rating 
of  the  motor.  Unless  the  motor  runs 
at  a  speed  that  maintains  exact 
synchronism  between  the  trans¬ 
former  and  the  transmitter  rotor 
of  the  data  system,  there  will  be 
times  when  it  will  run  alternately 
too  slow  and  too  fast.  Such  changes 
in  motor  speeds  will  cause  changes 
in  displacement  voltage.  A  change  in 
displacement  voltage  is  at  all  times 
opposed  by  potentials  across  iJ.., 
and  therefore  the  motor  will  be 
under  constant  control. 

A  similar  stabilizing  action  re¬ 
sults  when  a  constant  velocity  dis¬ 
placement  is  suddenly  reduced  to 
zero.  Under  such  conditions,  the 
capacitor  C,  will  discharge  through 
Ri  in  a  reverse  direction,  setting  up 
a  voltage  which  causes  the  motor  to 
continue  its  rotation  in  the  same 
direction.  Due  to  the  inertia  in  the 
system,  which  is  also  aided  by  the 
voltage  across  R^,  the  displacement 
voltage  goes  through  zero  and  re¬ 
verses  its  phase.  This  results  in  a 


voltage.  The  actual  amplifier  input 
voltage  reaches  a  minimum  value 
after  the  displacement  voltage  has 
passed  through  zero  because  of  the 
discharge  time  of  leaving  an 
error  still  to  be  corrected.  At  this 
point  the  motor  reverses  its  direc¬ 
tion  trying  to  correct  the  error. 
Since  tjiis  action  is  likewise  op- 
posedj  the  motor  will  slowly  reduce 
the  error  to  zero. 

The  above  is  a  theoretical  de¬ 
scription  of  the  stabilizing  action. 

It  has  been  found  in  practice  that 
when  sudden  changes  in  velocity 
are  made,  about  two  such  cycles  are 
required  before  the  motor  comes  to 
rest.  Various  factors  concerned 
with  the  servo  application  deter¬ 
mine  the  correct  adjustment  of  /?d, 
as  well  as  resistor  and  capacitor 
values  in  the  circuit. 

Saturable  Reactors 

The  signal  is  next  amplified  and 
used  to  control  an  a-c  source  to  the 
drive  motor.  Each  half  of  the  am¬ 
plifier  tube.  Vs,  is  biased  for  a  nor¬ 
mal  plate  current  of  5  ma.  The  con¬ 
trol  windings,  L,  and  L,o,  of  the 
saturable  reactors  are  connected  in 
the  plate  circuits  of  the  dual-triode 
vacuum  tube.  The  normal  plate  cur¬ 
rent  of  5  ma  sets  the  impedance  of 
each  winding,  L„  and  L,2,  at  approx¬ 
imately  250  ohms.  Variations  in  the 
plate  current  of  each  half  of  V,  as 
a  function  of  displacement  voltage 
are  shown  in  Fig.  5.  This  current 
controls  the  impedance  of  the  satur¬ 
able  reactors. 

It  may  be  w’ell  at  this  point  to  ex¬ 
plain  the  action  taking  place  in  the 
saturable  reactors,  although  they 
have  been  used  in  control  circuits 
other  than  servos  for  many  years. 
The  field  established  by  the  flow  of 
direct  current  through  primary 
windings,  L,  and  L.o  in  the  plate  cir¬ 
cuit  controls  the  permeability  of  the 
iron  core.  Permeability  is  the  ratio 
of  change  in  magnetic  flux  to 
change  in  magnetizing  force. 

There  is  a  direct  relationship  be¬ 
tween  the  permeability  and  the  in¬ 
ductance  which  is  given  by  the  for¬ 
mula  L  —  1.26APA/i/10’‘/,  where  L 
is  in  henries,  N  is  the  number  of 
coil  turns,  A  is  core  area  in  square 
cm,  fi  is  permeability  and  I  is  length 
of  the  magnetic  circuit  in  cm. 
The  reactive  impedance  is  given  by 


X  =  2r.fL.  The  total  impedance  of 
L„  and  Lu  will  he  Z  =  y/R^  -H  Xl. 
Variations  in  L  are  directly  propor¬ 
tional  to  fi.  Therefore  variations  in 
Z  can  be  controlled  by  varying  the 
flow  of  plate  current  in  windings 
Ly  and  Dio. 

It  may  also  be  of  some  interest  to 
know  why  secondaries  L,,  and  La  of 
the  reactors  are  w’ound  in  two  sec¬ 
tions.  With  reference  to  Fig.  6,  if 
a  single  winding  were  used  there 
would  be  a  flux  impressed  on  the 
primary  when  alternating  current 
flows  in  the  secondary.  By  using  a 
dual  winding  connected  in  parallel 
as  shown,  flux  can  flow  around  the 
outer  legs  of  the  core  but  not  in 
the  center  leg  w’hich  carries  the 
primary.  Flux  from  the  two  sec¬ 
ondaries  would  be  in  opposite  phase 
in  the  center  leg  and  hence  cancel. 
Direct-current  flux  from  the  center 
leg  flows  throughout  the  core. 

The  reactance  windings,  L„  and 
L,2,  form  two  arms  of  an  a-c  bridge 
which  -is  balanced  when  the  dis¬ 
placement  voltage  is  zero.  Resistor 


FIG.  8 — The  action  of  the  error-meter 
tube  depends  on  the  change  in  grid- 
circuit  resistance  which  is  controlled 
by  the  plate  Toltage 

Rt  is  used  to  compensate  for  varia¬ 
tions  in  circuit  components  which 
might  contribute  to  an  unbalanced 
condition.  The  impedance  of  the 
secondary  as  a  function  of  direct 
current  in  the  control  winding  is 
shown  in  Fig.  7.  The  zero  displace¬ 
ment  impedance,  which  is  approxi¬ 
mately  250  ohms,  can  be  adjusted 
to  match  the  impedance  of  the 
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FIG.  9 — To  proTont  dconage  to  the 
meter  the  error  tube  Krturotet.  This 
Umita  the  amount  of  error  that  con 
be  indicated,  but  in  opplicotione  where 
eloee  tolerancee  must  be  held  this  is 
no  disodTontage.  The  meter  eon  be 
caiibrated*  in  degrees  displacement  of 
the  lood  as  shown  on  the  right 


motor  winding,  Lu,  by  changing 
the  value  of  the  bias  resistor  R,. 

The  motor  represented  in  the 
schematic  is  a  split-phase,  low- 
inertia  t3T)e.  Each  winding,  Lu  and 
IhM  is  rated  at  75  volts  at  0.1 
ampere;  the  motor  has  a  normal 
speed  of  8200  rpm.  The  size  of  the 
motor  will  largely  depend  on  load 
characteristics.  These  facts,  as  well 
as  operating  speeds,  will  determine 
the  type  and  ratio  of  the  motor 
drive  gearing. 

Error  Motor 

Servos  in  practically  every  case 
are  intended  to  operate  as  a  rigid 
connecting  link  between  an  opera¬ 
tor  and  a  load,  but  they  invariably 
fall  short  of  this  expectancy.  To 
closely  realize  this  objective,  a  sys¬ 
tem  must  have  high  sensitivity  and 
be  stable.  Even  under  the  most 
favorable  conditions,  errors  will 
have  to  be  dealt  with.  In  some  in¬ 
stallations  the  operator  may  be 
aware  of  their  magnitude  and  be 
able  to  compensate  for  them 
through  proper  correcting  means. 
In  the  event  that  there  are  no  di¬ 
rect  indications  of  how  well  the 
load  is  following  the  director,  aux¬ 
iliary  indicating  equipment  should 
be  used  in  conjunction  with  the 
servo. 

If  necessary,  a  type  of  error- 
indicating  circuit  shown  in  Fig.  2 
may  be  used.  An  input  trans¬ 
former,  Tt,  is  coupled  to  the  same 
source  of  data  going  to  the  ampli¬ 
fier,  which  may  vary  in  potential 
from  0  to  approximately  60  volts 
for  displacements  between  0  and  90 
degrees  in  either  a  clockwise  or 


counter-clockwise  direction.  Since  increases  the  grid  resistance  of  the 
the  operator  is  particularly  inter-  other  tube  to  infinity, 
ested  in  errors  not  exceeding  a  few  Figure  8  represents  changes  in 
degrees  in  either  direction,  the  in-  grid  resistance  of  V,^  and  Ft*  as  a 
dicator  is  zero  centered  and  function  of  input  voltage.  At  zero 

ciently  sensitive  to  indicate  small  voltage  the  grid  resistance  of  each 
angular  displacements.  tube  is  660  ohms.  After  the  input 

Transformer  Ti  couples  the  dis-  signal  has  reached  10  volts,  there 
placement  input  voltage  to  the  is  no  further  change  in  grid  resis- 
plates  of  a  6SN7  tube,  V-,.  The  de-  tance  of  either  tube, 
sired  performance  could  only  be  ob-  The  curve  in  Fig.  9  represents 
tained  by  using  the  plates  as  con-  direction  and  magnitude  of  current 
trol  elements.  They  control  the  flow  in  the  meter  as  a  function  of 
grid-to-cathode  resistance  of  their  error  voltage.  The  curve  shows  that 
respective  tubes.  meter  current  reaches  its  limit  of 

The  cathode-grid  resistance  of  change  when  there  is  no  further 
each  tube  and  resistors  R»  and  change  in  grid  resistance. 

Rn  comprise  four  arms  of  a  half-  The  meter  may  be  calibrated  in 
wave,  phase-sensitive  bridge.  The  degrees  by  converting  the  error 
meter  is  connected  across  ttie  out-  voltage  into  angular  displacement 
put  of  the  bridge.  A  reference  values.  Since  the  maximum  output 
voltage  of  6.3  volts  is  supplied  from  of  either  the  one-to-one  or  the  83:1 
the  heater  winding  of  transformer  synchronous  systems  is  50  volts,  the 
Tt.  The  potentiometer  Rt  is  used  voltage  for  any  angular  displace- 
to  balance  the  circuit.  ment  will  be  E  =  60  sin  B. 

When  the  60-cycle  error  signal  is  At  an  angle  of  one  degree  of  the 
supplied  to  the  plates  of  the  tube  33:1  system  to  which  the  meter  cir- 
through  the  push-pull  transformer,  cuit  is  normally  connected,  E  —  50 
which  incidently  has  a  step-up  ratio  X  0.0174  =  0.87  volts.  By  using  the 
of  1:12,  and  a  60-cycle  reference  curve  of  Fig.  8,  it  will  be  found 
voltage  is  supplied  to  the  parallel-  that  0.87  volts  is  equal  to  0.087  ma 
connected  grids,  the  grid  voltage  on  the  meter  scale.  Since  0.87  volt 
will  be  in  phase  with  the  plate  volt-  is  equal  to  one  degree  displacement 
age  of  one  tube  and  180  degrees  out  of  the  33:1  system,  this  represents 
of  phase  with  the  plate  voltage  of  an  error  of  0.033  degree  between 
the  other.  When  the  grids  are  posi-  the  positions  of  the  indicator  dial 
tive  for  the  duration  of  a  half  cy-  and  the  load, 
cle,  the  direction  of  the  servo  error  Because  there  are  no  further 
will  determine  the  sign  of  the  volt-  changes  in  cathode-grid  resistance 
age  on  the  respective  plates  during  after  an  input  signal  of  ten  volts, 
this  period.  A  positive  plate  causes  there  will  be  no  further  increases 
a  decrease  in  grid  resistance  of  one  in  meter  current  between  this  volt- 
tube,  which  reaches  a  minimum  of  age  and  the  maximum  data  output 
1760  ohms,  while  a  negative  plate  of  50  volts.  For  this  reason  the  cir- 
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FIG.  10 — Conventional  servo  amplifier,  illustrating  direct  motor-control  and 
feedback  to  prevent  hunting 
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ducing  a  power  flux  that  may  be 
100  times  stronger  than  the  control 
flux.  A  second  stage  of  amplifica¬ 
tion  is  from  the  short-circuited 
armature  windings  to  that  section 
of  the  armature  connected  by  the 
load  brushes.  A  gain  of  100  can 
also  be  realized  from  this  stage, 
giving  the  machine  an  overall  gain 
of  10,000. 

The  control  winding  is  center- 
tapped  and  connected  in  the  plate 
circuit  of  a  pair  of  amplifier  tubes 
which  in  turn  are  supplied  with  a 
d-c  signal.  The  operating  charac¬ 
teristics  of  the  pre-amplifier  are 
similar  to  the  unit  shown  in  Fig.  2. 
The  output  of  the  machine  is  pro¬ 
portional  to  a  difference  in  current 
flow  through  respective  halves  of 
the  control  winding.  An  input  of 
one  watt  can  produce  an  output  of 
ten  kilowatts. 

The  first  stage  of  this  machine  is 
similar  to  a  conventional  d-c  gen¬ 
erator.  The  particular  difference  is 
that  the  usual  armature  circuit  re¬ 
sistance  is  reduced  to  a  short  cir¬ 
cuit,  causing  a  high  armature  flux. 
This  short-circuit  axis  armature 
flux  can  now  serve  as  the  field  for 
the  second  generator  made  possible 
by  the  addition  of  the  second  set  of 
brushes,  referred  to  as  load  axis 
brushes. 

Voltage  produced  at  these 
brushes  is  supplied  to  the  circuit 
resistance.  Current  flowing  through 
the  load  will  produce  a  load  axis 
armature  flux  which  would  op¬ 
pose  the  control  flux.  This  field  is 
completely  neutralized  by  the  load 
compensating  field  through  which 
load  current  flows. 

This  type  of  amplifier  has  a  com¬ 
paratively  high  rate  of  response  to 
changes  in  the  control  field.  The 
short  time-constant  is  chiefly  due 
to  the  very  low  short-circuited  ar¬ 
mature  resistance  and  the  low  con¬ 
trol  field  requirements.  Machines 
such  as  this  which  have  a  rapid  re¬ 
sponse  are  particularly  desirable 
for  servo  work. 
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cuit  protects  the  meter  from  possi¬ 
ble  overloads.  Resistor  Rm  limits 
the  current  in  the  plate  circuit  to  a 
few  microamperes.  An  spdt  switch 
S,  is  used  to  short-circuit  the  input 
when  balancing  the  meter  after  a 
tube  change. 


Other  Amplifier  Circuits 

With  reference  to  the  servo  sys¬ 
tem  being  discussed,  the  amplifier 
and  control  circuits  described  form 
oitly  one  of  the  various  combina¬ 
tions  generally  used.  The  type 
chosen  depends  largely  on  the  size 
and  kind  of  motor  required  to  op¬ 
erate  the  load  and  the  circum¬ 
stances  surrounding  the  servo  ap¬ 
plication.  Saturable  reactors  are 
commonly  used  as  power  amplifiers 
in  a  large  variety  of  servo  systems, 
but  more  in  particular  for  the 
control  of  fractional  horsepower 
motors. 

Figure  10  is  a  schematic  of  the 
more  conventional  vacuum-tube 
amplier  preferred  for  some  servo 
applications.  The  60-cycle  output  of 
the  data  system  is  amplified  and 
used  to  drive  the  motor.  A  separ¬ 
ately  generated  60-cycle  source  is 
coupled  back  to  the  amplifier  input 
as  an  anti-hunt  measure. 

A  generator  G  is  driven  by  the 
motor  through  a  one-to-one  drive. 
The  generator  is  similar  in  con¬ 
struction  to  a  split-phase,  low-in¬ 
ertia  motor  having  two  field  wind¬ 
ings  angularly  spaced  90  degrees. 
The  rotor  is  of  soft  iron  construc¬ 
tion  covered  with  a  copper  shield. 
One  field,  Li,  which  is  supplied  from 
the  60-cycle  source,  serves  as  a  pri¬ 
mary  winding.  When  the  motor  is 
not  rotating  there  is  no  transfer  of 
voltage  from  this  field  to  the  other. 
During  rotation,  the  60-cycle  flux 
established  by  the  primary  is  dis¬ 
torted  by  the  eddy  currents  in  the 
copper  shield.  By  this  action  a 
voltage  is  induced  in  secondary 
■vinding  L,  that  is  proportional  to 
the  speed  of  the  rotor.  The  phase 
of  the  induced  voltage  changes  with 
the  direction  of  rotation.  This  volt¬ 
age  is  opposite  in  phase  to  the  sig¬ 
nal  input  to  the  amplifier. 

During  operation,  a  type  of  dyna¬ 
mic  braking  is  produced.  The  sig¬ 
nal  normally  overrides  the  feedback 
voltage  beyond  a  small  angular  dis¬ 
placement  This  excess  voltage  is 
effective  in  stabilizing  the  system 
after  a  constant  velocity  error  has 
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been  reduced  to  zero.  Under  such' 
conditions,  an  angle  of  displace¬ 
ment  will  be  reached  where  the 
feedback  voltage  is  equal  to  the  sig¬ 
nal.  As  time  passes  the  motor  be¬ 
gins  to  respond  to  the  inverse  feed¬ 
back  signal  which  tries  to  reverse 
its  direction.  This  voltage  only  suc¬ 
ceeds  in  slowing  the  motor  because 
it  decreases  directly  with  the  de¬ 
crease  in  motor  speed.  The  result 
is  that  the  anti-hunt  voltage  and 
the  signal  are  allowed  to  reach  zero 
at  the  same  time,  preventing  the 
undesired  overshoot. 

When  closed-cycle  servo  mechan¬ 
isms  are  employed  in  ifigh-power- 
consuming  operations,  the  amplifier 
may  consist  of  grid-controlled  gas- 
filled  tubes.  Generally  only  one 
stage  of  this  type  of  amplification 
is  required  because  of  its  extremely 
high  gain.  The  low  internal  resis¬ 
tance  of  the  tubes  during  ionization 
of  the  gas  allows  such  a  stage  to 
function  with  high  efficiency.  This 
fact  makes  gas  tubes  desirable 
when  supplying  power  to  large  ma¬ 
chines. 


Servo  Motor-Genorotor 

There  are  also  the  dynamo-elec¬ 
tric  amplifiers  particularly  adapt¬ 
able  to  this  type  of  servo.  One  such 
amplifier  has  two-stages  combined 
in  a  single  dynamo-electric  ma¬ 
chine,  schematically  shown  in  Fig. 
11.  The  first  stage  comprises  the 
control  winding  and  a  short-cir¬ 
cuited  section  of  the  armature.  The 
armature  is  rotated  by  means  of  a 
separately  excited  drive  motor.  A 
control  flux  established  by  the  con¬ 
trol  winding  is  cut  by  the  short- 
circuited  armature  windings,  pro¬ 
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Position  and  characteristics  oi  V  antenna  on  Lockheed  14 
transport.  The  reactiTe  component  oi  antenna  impedance 
changes  sign  os  the  antenna  passes  through  resonance 


This  discussion  will  be  confined 
to  methods  and  data  taken 
from  representative  domestic  trans¬ 
port  aircraft  equipped  with  anten¬ 
nas  permanently  attached  above 
the  fuselage. 

Two  methods  may  be  used  for  ob¬ 
taining  antenna  data.  One  involves 
an  r-f  bridge  upon  which  values  of 
resistance  and  reactance  can  be 


read  directly.  The  bridges  avail¬ 
able  at  present  are  not  particularly 
adapted  to  aircraft  antenna  meas¬ 
urements. 

Q  Meter  Measurements 

The  other  measuring  method  util¬ 
izes  the  Q  meter,  the  data  from 
which  requires  considerable  com¬ 
putation  to  yield  the  desired  con- 
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stants.  The  data  presented  herein 
is  based  on  Q  meter  measurements. 

A  Q  meter  consists  essentially  of 
a  calibrated  variable-frequency  os¬ 
cillator  capable  of  inserting  a 
known  voltage  in  series  with  a 
resonant  circuit,  and  a  vacuum- 
tube  voltmeter  which  measures  the 
voltage  across  the  resonant  circuit 
Then  Q  =  E/e,  where  e  is  the  in¬ 
serted  voltage  and  E  is  the  voltage 
read  by  the  v-t  voltmeter.  By  main¬ 
taining  e  constant  the  v-t  voltmeter 
can  be  calibrated  directly  in  Q  val¬ 
ues.  In  the  commercial  instrument 
the  components  are  housed  in  a 
cabinet  including  an  a-c  power  sup¬ 
ply,  terminals,  and  a  calibrated  low- 
loss  variable  capacitor.  Any  suit¬ 
able  coil  may  be  connected  across 
the  terminals  to  form,  together 
with  this  calibrated  capacitor,  a 
tuned  circuit.  The  impedance  to  be 
measured  is  inserted  in  the  tuned 
circuit  either  in  series  or  in 
parallel  with  the  coil. 

Two  sets  of  readings  are  neces¬ 
sary:  one  to  determine  the  imped¬ 
ance  and  Q  of  the  coil,  and  one  to 
determine  the  impedance  and  Q  of 
the  coil  and  unknown  impedance  to¬ 
gether.  Calculations  are  then  made 
to  determine  the  impedance  and  Q 
of  the  unknown  impedance  alone. 

Measuring  Aircraft  Antenna 

Precautions  are  necessary  when 
applying  the  Q  meter  to  aircraft 
antenna  measurements.  The  plane 
should  be  as  far  from  metallic 
structures  as  practical.  Grounding 
wires,  such  as  are  used  during  gas 
tank  filling  operations,  should  be 
disconnected  to  minimize  the  earth’s 
effect  on  the  antenna.  For  the  same 


Method  of  measuring  the  characteristics  of  aircraft  antennas  with  a  Q  meter.  Results 
measurements  on  several  types  of  aircraft  transmitting  antennas  are  presented 
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Imp«danc«  characteristic  of  tho  Douqlas 
DC-4  V  antenna 


FIG.  1 — Profile  of  Douglas  DC-3,  showing  the  Torious  tfpes  of  antennas 
used  for  communication  and  norigation  purposes 


reason  it  is  undesirable  to  use  an 
a-c  power  line  on  the  Q  meter.  A 
rotary  converter  supplied  from  the 
plane  battery  or  a  battery  cart  is 
required. 

A  number  of  coils  are  needed  de¬ 
pending  upon  the  frequency  spec¬ 
trum  over  which  measurements  are 
to  be  made.  Several  low-loss  fixed 
capacitors  may  be  needed  to  sup¬ 
plement  the  variable  capacitor  in 
the  Q  meter  and  to  place  in  series 
with  the  antenna  when  the  Q  read¬ 
ings  fall  below  those  conveniently 
made  on  the  Q  meter.  In  these 
cases  it  is  necessary  to  make  addi¬ 
tional  calculations  to  obtain  the  an¬ 
tenna  reactance.  It  is  necessary  to 
exercise  care  in  adjusting  the  Q 
meter  when  the  antenna  is  in  the 
vicinity  of  half-wave  resonance, 
because  the  reactance  and  resis¬ 
tance  values  change  rapidly  in  this 
region. 

Table  I  gives  data  concerning  the 
top  antenna  on  a  Douglas  DC-3, 
shown  in  Fig.  1.  The  data  in  the 
first  seven  columns  was  taken  in 
the  field;  that  in  the  last  five  was 
computed. 

The  readings  Ci  and  Q,  are  taken 
with  the  antenna  disconnected  from 
the  Q  meter;  C,  and  Q*  with  the 
antenna  connected.  In  the  column.s 
labelled  C  added,  P  indicates  a  paral¬ 
lel  connection,  and  S  a  series  con¬ 
nection.  It  should  be  noted  that 
when  using  a  series  capacitor,  if 
the  value  of  Cj  —  C,  becomes  larger 
than  the  series  added  capacitance, 
the  antenna  has  become  inductive. 
This  also  holds  true  when  Ci  be¬ 
comes  larger  than  Ci.  The  formulas 
used  in  conjunction  with  the  data 
are  as  follows: 


Q  (Cl  -  Ct)Q.Q, 

C,  «?,  -  ft) 

Xa  -  1.59  X  IG^/JCa 

Ra  »  Xa/Qa 

Ca  =C, -C, 

^  (C,-C,)C*  ,  . 

La  =  - TTT  (senes  capacitor) 

-f-  tCi  —  Cj) 

Qa  =  antenna  Q 

Xa  ^  antenna  reactance  in  ohms 

Ra  =  antenna  resist^ce  (effective),  ohms 

/  *=  frequency  in  kilocycles 

Ca  ant^na  capacitance  in  nfif 

Ct  series  capacitance  in  mm/ 

Cl  and  Ci  =  reading  of  variable  capacitor 
in  Q  meter,  in  iifif 

The  quantity  (Ci  —  C,)  is  always 
taken  as  positive. 

Aircraft  AatenRa  Practice 

It  has  become  general  practice  to 
connect  the  aircraft  antenna  in 
series  with  the  lumped  C  and  L  in 
the  output  circuit.  Such  an  ar¬ 
rangement  does  away  with  coupling 
elements  and  allows  a  higher  trans¬ 
fer  efficiency.  By  providing  a  group 
of  selectable  fixed  capacitors  and  a 
continuously  variable  inductor  it  is 
possible  to  reach  resonance  over  a 
wide  range  of  antenna  constants. 
The  system  fails,  however,  at  half¬ 
wave  resonance  where  a  slight 
change  in  the  physical  capacitance 
of  the  antenna  may  reflect  a  greatly 


magnified  reactive  component  into 
the  circuit.  The  simplest  solution 
is  to  change  the  length  of  the  an¬ 
tenna  so  as  to  shift  the  half-wave 
resonant  condition  away  from  the 
working  frequency.  The  radiation 
efficiency  of  this  extended  tank  cir¬ 
cuit  becomes  very  low  when  the 
antenna  is  a  small  fraction  of  a 
quarter-wavelength.  This  condition 
is  not  encountered  on  domestic  air 
transports  operating  between  3000 
and  6000  kc,  but  occurs  on  planes 
built  for  foreign  service  where 
bands  between  300  and  600  kc  are 
used.  The  short  antenna  becomes 
so  highly  reactive  that  voltages  up 
to  30,000  volts  may  build  up.  Trail¬ 
ing  antennas  are  then  needed. 

Dummy  Aircraft  Antenna 

In  addition  to  determining  an¬ 
tenna  characteristics  at  the  vari¬ 
ous  frequencies,  an  application  of 
measurements  such  as  these  is  in 
the  design  of  dummy  antennas. 
Such  antennas  are  very  useful 
when  it  is  desired  to  bench-check 
transmitters  under  load  conditions 
simulating  those  imposed  by  the 
aircraft  antennas. 


TABLE  I.  DATA  ON  DC-3  TOP  ANTENNA 


Fr«q. 
in  kc 

Ci 

C 

added 

Cl 

C 

added 

Qi 

Ci-Ci 

(h-(h 

Qa 

At 

Ka 

2500 

443 

p141 

290 

Pl41 

315 

120 

153 

195 

50.8 

-i4t« 

8.06 

3000 

406 

233 

347 

157 

173 

190 

122.0 

-j310 

2.5 

3500 

297 

82 

372 

78 

215 

296 

69.2 

-i210 

3.03 

4000 

226.5 

130 

a141 

392 

147 

96.5 

245 

100. 

-i130 

4.1 

5000 

145 

92.5 

s50 

424 

148 

52.5 

276 

84. 

-j30 

7.14 

6000 

210 

194 

815 

224 

189 

16 

35 

92.3 

-jllO 

17.4 

7000 

155 

134 

815 

233 

107 

21 

126 

26.8 

-fi430 

41.0 

8000 

381 

pi  05 

390.5 

pi  05 

141 

89 

9.5 

52 

4.72 

-j2100 

445. 

9000 

377 

370 

145 

85 

7.0 

60 

3.81 

-j2320 

663. 

10000 

305 

286 

152 

76 

19.0 

76 

9.5 

-j810 

87. 

11000 

252 

227.5 

8105 

160 

83 

24.5 

77 

17.1 

-i450 

32.9 

12000 

213 

188 

850 

168 

92 

25.0 

76 

23.8 

-126C 

22. 
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Mobile 


By  E.  E.  CHARLTON 
aid 

W.  F.  WESTENDORP 

General  Electric  Co. 
Schenectady,  Sew  York 


a  low-frequency  resonance  trans¬ 
former  with  the  multisection  x-ray 
tube  coaxially  mounted  within,  and 
both  contained  in  a  steel  tank  and 
insulated  with  compressed  gas.  The 
x-rays  are  generated  at  a  target 
mounted  in  the  end  of  an  extension 
chamber  projecting  from  one  end  of 
the  tank.  This  construction  pro¬ 
vides  maneuverability,  compact¬ 
ness,  simplicity,  reliability,  freedom 
from  exposed  high  voltage,  and 
ready  accessibility  of  the  target 
end  of  the  tube.  The  unit  is  five 
feet  in  diameter,  eight  feet  in 
length  and  weighs  5000  lb. 
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To  ihow  tho  mobility  of  the  two-miUion  toU  x-roy  unit  built  by  General  Electric 
X-Boy  CorpM  Dr.  Choriton  operates  the  positioning  motor  while  Mr.  Westendorp 
checks  the  height  of  the  extended  tube  preparatory  to  moring  in  the  sample  to 
to  be  radiogrophed 


TO  increase  the  utility  of  x-ray 
inspection,  a  two  million  volt 
mobile  unit  has  been  developed. 
X-rays  produced  at  this  high  po¬ 
tential  have  far  greater  penetrat¬ 
ing  power  than  those  produced  at 
lower  potentials.  For  example,  foot- 
thick  steel,  which  for  practical  pur¬ 
poses  is  opaque  to  x-rays  produced 
at  lower  voltages,  can  be  x-rayed  in 
about  two  hours  with  this  new  unit. 

In  addition  to  increasing  the 
thickness  which  can  be  x-rayed  and 
decreasing  the  exposure  time  for 
thicknesses  which  could  be  pene¬ 
trated  by  lower-voltage  rays,  the 
higher-voltage  rays  permit  placing 
the  x-ray  source  further  from  the 
sample  being  studied.  This  in¬ 
creases  the  area  which  can  be  radio¬ 
graphed  in  a  given  time  and  also 
reduces  distortion  of  the  image. 

Most  important  of  all  is  the  fact 
that  the  higher-voltage  x-rays  can 
be  used  to  study  a  sample  having  a 
wide  range  of  thicknesses  with  a 


single  exposure,  because  the  ex¬ 
posure  time  for  thick  and  thin  sec¬ 
tions  are  more  nearly  equal  with 
the  x-rays  produced  by  this  high- 
voltage  instrument. 

Design  Features 

The  two  million  volt  mobile 
x-ray  unit  described  in  this  article 
is  a  further  development  of  fea¬ 
tures  embodied  in  the  million-volt 
therapeutic  x-ray  unit  developed  for 
cancer  treatment  and  the  portable 
one  million  volt  industrial  x-ray 
unit.  In  this  new  equipment,  the 
x-ray  tube  has  been  permanently 
vacuum  sealed.  All  parts  form  a 
unit  that  is  mobile  in  that  it  can  be 
moved  by  crane  and  positioned  for 
operation  at  any  angle  by  push¬ 
button  control  of  fractional-horse¬ 
power  motors.  Mobility  increases 
the  flexibility  of  this  radiographic 
tool  for  industrial  examination  of 
metal  structures. 

This  unit  consists  principally  of 


CeastructioR 

The  transformer  shown  in  Fig. 
1  and  2  has  a  low-voltage  winding, 
consisting  of  two  flat  coils  of  rec 
tangular  wire  and  a  high-voltage 
coil  with  243  thin  flat  sections 
spaced  apart  for  cooling.  The  upper 
coils  are  spaced  more  closely  than 
the  lower  coils  to  provide  a  uniform 
potential  gradient  along  the  length 
of  the  coil  stack.  In  this  way  radial 
spring  taps  to  the  x-ray  tube  can 
be  used  to  supply  the  proper  voltage 
to  each  tube  electrode. 

The  resonance  principle  of  opera 
tion  makes  an  iron  core  unneces 
sary.  The  central  space  of  the  high 
voltage  coil  is  occupied  by  the  x-ray 
tube,  thus  facilitating  tube  connec 
tions.  In  addition,  the  absence  of 
the  iron  core  eliminates  space 
otherwise  required  for  insulation 
between  core  and  high-voltage 
winding.  This  resonant  type  trans 
former  has  a  tank  diameter  only  62 
percent  of  that  of  a  comparable 
iron-core  transformer. 

The  lower  end  of  the  high-voltage 
coil  is  grounded;  the  upper  end  is 
shielded  by  a  rounded  and  radially 
slotted  brass  spinning. 

From  a  papar  pr*SMt«d  baform  tha  Na¬ 
tional  Eloctronict  Coniormnem,  Chicago,  1944. 


Industrial  X-Ray  Unit 


Resonant  high-voltage  transformer  and  gas  insulation  reduce  the  size  and  bulk  of  tliis  two 
million  volt  x-ray  unit.  Special  alloy  permits  glass-to-metal  seals  so  tliat  the  x-ray  tube  can 
be  permanently  evacuated,  eliminating  the  need  for  vacuum  pumping  during  operation 


The  natural  frequency  of  oscilla-  tested  hydrostatically  to  twice  this 
tion  of  the  high-voltage  winding  is  pressure.  The  joints  of  the  shell 
180  cps.  The  180-cycle  power  is  flange,  the  coolers  and  the  x-ray 
derived  from  the  60-cycle  supply  tube  flange  are. made  gastight  with 
line  through  a  synchronous  motor-  rubber  gaskets, 
generator  set  which  also  eliminates 
the  eifect  of  line  voltage  fluctua¬ 
tions. 

The  coil  is  held  under  compres¬ 
sion  by  spring-loaded  drawn  glass 
rods  free  of  air  lines  and  blow  holes 
and  with  their  surfaces  sandblasted 
to  increase  their  resistance  to  sur¬ 
face  creepage  discharges.  This  type 
of  support  makes  it  possible  for  the 
unit  to  be  operated  in  any  position. 

Since  the  tube  is  mounted  in  the 
axis  of  the  resonance  transformer, 
it  is  located  in  a  uniform  electric 
field  and  a  weak  magnetic  field 
parallel  to  the  tube  axis.  The  mag¬ 
netic  flux  does  not  interfere  with 
electron  focusing. 

To  avoid  overheating  of  the  sur¬ 
rounding  steel  tank  by  eddy  cur¬ 
rents  there  is  an  inner  lining  of 
narrow  overlapping  silicon  steel 
strips  spotwelded  to  the  tank  wall. 

These  steel  strips  guide  the  mag¬ 
netic  flux  of  the  transformer  from 
the  top  to  the  bottom.  The  bottom 
also  is  provided  with  a  ring  of  simi¬ 
lar  radially  spotwelded  strips. 

Continuous  operation  at  120  de¬ 
grees  F  ambient  temperature  is 
made  possible  by  the  coolers 
mounted  diametrically  opposite  each 
other  near  the  top  of  the  tank.  A 
small  fan  circulates  cooling  gas 
through  ducts,  through  the  trans¬ 
former  and  over  finned  water-cooled 
copper  tubing  mounted  in  each 
cooler.  For  ambient  temperatures 
below  50  degrees  F  an  electric 
heater  raises  the  water  tempera¬ 
ture  to  maintain  the  gas  pressure. 

The  tank  of  quarter-inch  thick 
sheet  steel  is  designed  for  an  oper¬ 
ating  pressure  of  60  pounds  per 
square  inch  gauge  and  has  been 


X-Ray  T«b«  - 

A  twenty  four-section  vacuum 
sealed  x-ray  tube  for  operation  at 
two  million  volts  was  designed  to 
go  with  the  resonance  transformer. 
It  has  an  electron-emitting  filamen¬ 
tary  cathode,  a  copper  backed  tung¬ 
sten  target  mounted  in  the  lower 
end  of  an  extension  chamber,  and 
cylindrical  accelerating  electrodes 
in  each  of  the  intermediate  sec- 


l^riabh  reactor 
(filament  contra!) 


tee!  tank 


Glass  filament 
corrtrol  shaft 


Lead  shield 


FIG.  1 — This  cutaway  drawinq  shows  the  con¬ 
struction  oi  the  two  million  volt  x-roy  unit 
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FIG.  2 — Th«  itMl  tank  has  been  remoTsd  to  show  the  Seoled-off  two-million  Tolt  mnlti-section  x-roy 

tronsfonner  and  the  slotted  brass  shield  at  its  upper  end  tube,  held  Tertically  in  front  of  its  steel  housing 
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tube.  The  inside  glass  walls  of  the 
tube  are  sandblasted  to  increase  the 
voltages  that  can  be  applied  to  each 
section  of  the  tube  without  the  pro¬ 
duction  of  dangerous  field  current. 

The  cathode  spiral  of  tungsten 
wire  is  mounted  in  an  electrostatic 
focusing  cup.  The  tube  is  supported 
by  a  metal  flange  bolted  to  the  bot¬ 
tom  of  the  grounded  metal  tank  and 
soldered  to  the  copper  extension 
chamber.  A  magnetic  focusing  coil 
surrounds  the  x-ray  tube  extension 
chamber  and  controls  the  spot  size 
of  the  electron  beam  on  the  target. 

The  tube  is  sealed  after  an  evacu¬ 
ation  process  during  which  the 
glass  envelope  and  metal  parts  are 
outgassed  and  all  sections  are  aged 
at  voltages  twice  the  operating  volt¬ 
age.  This  process  insures  stability 
of  operation  and  long  life. 

Gat  Insulafion 

The  insulating  and  cooling  gas  is 
derived  from  liquid  dichloro-di- 


fluro  methane,  CC1(F„  known  as 
Freon-12.  This  gas  has  a  dielectric 
strength  2.5  times  that  of  nitrogen 
at  the  same  pressure.  The  gas  pres¬ 
sure  in  the  transformer  tank ,  is 
maintained  at  about  55  lb  per  sq  in. 
A  pressure-stat  on  the  tank  blocks 
operation  of  the  transformer  if  the 
pressure  drops  below  50  lb  per  sq  in. 
either  because  of  leakage  or  abnor¬ 
mally  low  temperature.  About  240 
lb  of  gas  is  required,  whereas  to 
give  the  same  insulation  more  than 
forty  thousand  pounds  of  transil 
oil  would  be  required.  Corona  or  an 
open  flame  decomposes  Freon-12, 
liberating  chlorine  and  fluorine. 
However,  experience  indicates  that 
there  is  not  enough  decomposition 
inside  the  tank  to  cause  trouble¬ 
some  deterioration  of  insulation  or 
other  components.  Transformers 
without  the  x-ray  tube  were  tested 
up  to  2,500,000  volts  without  spark- 
over  with  Freon-12  at  50  lb  per  sq 
in.  and  70  degrees  F. 


Figure  3  shows  a  schematic  Cir 
cuit  diagram  of  the  principal  circuit 
elements.  The  push-button  controls, 
selector  switches,  control  motor 
drives,  interlocks,  protective  devices 
and  indicator  lights  have  been  omit¬ 
ted  for  the  sake  of  readability. 

Elaetrieal  Cirexit 

The  series  reactor  and  the  shunt 
capacitor  serve  to  eliminate  the  ef¬ 
fect  of  the  small  frequency  fluctua¬ 
tions  that  occur  on  the  power  sys 
tern. 

When  operated  by  itself  on  a  con 
stant  primary  current  of  adjustable 
frequency  the  transformer  produces 
a  secondary  voltage  that  follows  a 
res9nance  curve  having  a  maximum 
at  180  cps.  The  transformer  is  pur 
posely  tuned  at  constant  input  cur 
rent  in  order  to  produce  a  maxi 
mum  of  output  voltage  with  a  given 
primary  current  and  also  to  oper 
ate  at  close  to  unity  power  factor. 
However,  when  operated  at  constant 


primary  voltage  and  variable  fre¬ 
quency,  the  transformer  produces 
a  voltage  maximum  at  180  cps. 

The  series  reactor  and  shunt  ca¬ 
pacitor  so  modify  the  constant-volt¬ 
age  operation  of  the  generator  that 
the  resonance  transformer  again 
has  a  maximum  of  voltage  at  180 
cycles.  Small  frequency  variations 
of  the  order  of  one-tenth  cycle  can 
therefore  occur  at  the  flat  top  of  the 
resonance  curve  and  will  not  show 
any  effect  on  the  output  voltage. 

The  filament  is  operated  from  end 
turns  on  top  of  the  high-voltage  coil 
and  the  filament  current  ^  adjusted 
by  a  variable  reactor  driven  through 
a  glass  shaft  by  an  external  fila¬ 
ment-control  motor. 


Synchronous  motor  shrrtor 


Three-phaso 
CO-cycf* 
ponrgr  lino 


70-hp,  tjSOO-rpm, 
M  M  ^■iy  n^ronous 
mc'sr 


■440*',  fO-kty,  tOO-cych,^ 
singlo-phcao  gonenttor 


Oonerofor  hold  orcitor 


/Tnnr^ 


SlaiUng  roloy- 


Molor-clrnon  frtega*olt_ 
ae^uaUng  pohnfiomoior' 


FIG.  3 — Simplified  schematic  circuit  diagram  of  2.000.000-Tolt  x-roy  unit 


Meteriag  Circait 

The  metering  circuit,  connected 
between  the  lower  end  of  the  high- 
voltage  winding  and  the  grounded 
tank,  consists  of  a  d-c  milliammeter 
v/ith  a  reactor  in  series,  and  an  a-c 
milliammeter  with  a  capacitor  in 
series.  The  unidirectional  x-ray 
tube  electron  current  registers  on 
the  d-c  milliammeter;  the  secondary 
charging  current  (131  ma  rms  at 
the  2,000,00()-volt  peak)  passes 
through  the  capacitor  and  thus  reg¬ 
isters  on  the  a-c  milliammeter 
which  is  calibrated  in  megavolts 
peak. 

Auxiliary  Circuits 

The  field  of  the  generator  is  con¬ 
nected  through  a  push-button  oper¬ 
ated  relay  to  a  motor-driven  poten¬ 
tiometer  which  in  turn  is  connected 
across  the  exciter  of  the  generator. 
The  motor  is  operated  from  the  con¬ 
trol  panel  by  a  megavolt  control 
lever.  Interlocking  contacts  are 
provided  so  that  the  unit  cannot  be 
I  started  unless  this  potentiometer 

I  is  in  its  lowest  position,  correspond- 

j  ing  to  approximately  one  million 
I  volts.  Another  control  lever  on  the 
i  panel  operates  the  filament-control 

I  motor. 

I  A  selector  switch  on  the  control 
panel  chooses  one  of  four  scales  on 
the  tube  current  meter.  The  same 
switch  simultaneously  adjusts  the 
direct  current  through  the  mag- 
1  netic  focusing  coil,  thus  setting 

the  spot  size  on  the  target  for  each 
of  the  current  ranges.  This  switch 
also  switches  various  shunts  on  a 
tube-current  operated  relay  which 
protects  the  x-ray  unit  and  meters 


against  operation  beyond  the  se¬ 
lected  range. 

A  timer  is  provided  which  can  be 
set  from  a  few  seconds  to  55  min¬ 
utes.  It  starts  timing  when  the  volt¬ 
age  passes  the  1.8-megavolt  point 
and  opens  the  starting  relay  after 
the  preadjusted  interval  has 
elapsed. 

Table  I  shows  typical  electrical 
operating  data  of  the  unit. 

Oparotiuq  SaqMHC* 

A  typical  operating  sequence  will 
illustrate  the  simplicity  of  opera¬ 
tion.  Assume  the  operator  plans  to 
make  the  next  exposure  1  minute  at 

1  ma  and  2  megavolts. 

He  calls  all  people  out  of  the  x-ray 
room,  closes  the  doors,  selects  the 
3-ma  range  on  the  panel,  starts  the 
motor-generator  set,  pushes  the 
•x-ray-on  button,  lets  the  voltmeter 
come  to  1  megavolt,  then  advances 
the  voltage  control.  After  reaching 

2  mega  volts  he  adjusts  the  filament 
control  to  give  1.5  ma,  pushes  the  off 
button  and  goes  into  the  x-ray  room 
to  place  the  film.  For  the  exposure 
he  repeats  the  foregoing  except 
that  he  uses  the  timer  which  he 
adjusts  for  one  minute.  The  cur¬ 
rent  comes  to  1.5  ma  without  adjust¬ 
ment. 


TABLE  I.  OPERATING  DATA 


TuJbe  Current 

Tronxlomier  Input 

in  Ma 

Volts 

Amperes 

Watts 

0.00 

418 

8.2 

3050 

0.50 

420 

9.7 

3825 

1.00 

425 

11.1 

4575 

1.50 

435 

12.4 

5300 

Output  conitcmt  at  2-m*gaTolt  p*ak 


RasoNonc*  Traiisforiiicr  Design 

There  are  several  advantages  to 
be  derived  from  the  use  of  the  re¬ 
sonance  type  of  transformer.  Wave¬ 
form  in  the  high-voltage  circuit  is 
sinusoidal  regardless  of  the  input 
voltage.  Furthermore,  the  oscillat¬ 
ing  current  in  the  high-voltage 
winding  is  so  large  (131  ma  rms  at 
2  mega  volts)  that  the  half-wave; 
full-load  tube  current  of  1.5  ma  av¬ 
erage  does  not  produce  any  measur¬ 
able  difference  between  useful  and 
inverse  voltages. 

In  a  resonance  transformer  where 
the  oscillating  pow’er  is  151  kva  and 
the  load,  including  losses,  approxi¬ 
mately  6  kw  maximum,  the  voltage 
takes  a  few  cycles  to  build  up,  even 
if  the  equipment  is  switched  on  sud¬ 
denly.  Therefore,  switching  surges 
or  other  disturbances  do  not  raise 
the  output  voltage  more  than  a 
fraction  of  one  percent,  whereas  in 
iron-core  transformers  50  percent 
or  more  over-voltage  surges  may 
occur  in  case  of  improper  switch¬ 
ing. 

Since  none  of  the  thin  flat  coil 
elements  sustains  more  than  10  kv 
peak  and  as  they  have  a  radial 
winding  depth  of  several  inches, 
random  winding  can  be  used.  For 
convenience  of  assembly,  start  and 
finish  wires  of  the  coil  elements  are 
connected  through  flat  phosphor- 
bronze  terminal  springs  as  the  coils 
are  stacked  on  top  of  one  another. 

In  designing  a  resonance  trans¬ 
former  the  formula  for  the  natural 
period  of  a  tuned  circuit, 

T  »  2tVIc  (1) 

may  be  used  provided  values  of  in- 
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D  —  minimum  turn  diameter 
plus  one  third  the  differ¬ 
ence  between  minimum  and 
maximum  diameters  in 
inches 

h  —  coil  stack  height  in  inches 

d  =  distance  from  bottom  coil 
to  laminated  steel  disk  be¬ 
low  it,  in  inches 

The  term  D/A  is  representative 
of  the  reluctance  from  the  top  of  the 
coil  to  the  laminated  she}l  on  the 
tank  wall. 

The  tuning  capacitance  is 
C  ~  Cl +  Ct  +  C,  +  Ct  +  (3) 

The  first  four  terms  represent  the 
capacitance  of  the  terminal  cap  in 
simplified  terms  that  can  be  calcu¬ 
lated  either  as  concentric  spheres, 
parallel  planes,  or  concentric-cylin¬ 
der  capacitors.  The  last  term  is  the 
capacitance  of  the  concentric  cylin¬ 
ders  formed  by  outside  copper  turns 
and  inside  laminated  shell.  This 
term  appears  with  the  coeflScient  1/3 
because  the  energy  stored  in  this 
space  is  only  one  third  of  what 
would  be  stored  with  uniform  wind¬ 
ing  voltage. 

For  the  mobile  two  million  volt 
180  cycle  x-ray  transformer  these 
calculated  values  are  C  =  67.1  /i/if, 
L  =  11,700  henrys. 

Three  times  as  much  inductance 
would  be  required  for  resonance  at 
60  cps  and  the  wire  diameter  for 
such  a  design  would  be  impracti- 
cally  small.  Higher  frequencies  than 
180  cps  could  be  used  but  are  not 
desirable  since  the  iron  losses  in  the 
return  magnetic  shell  would  in¬ 
crease  almost  proportionally  to  the 
square  of  the  frequency  even  if 
there  were  an  increase  in  the 
weight  of  iron. 

The  stored  energy  of  the  tuning 
capacitance  C  at  the  peak  of  the 
voltage  wave  amounts  to 

\CV*  -  i(67.1  X  10-“)  (2  X  10*)*  - 
134  joulee 

This  stored  energy  corresponds  to 
a  power  of  (1/2)  <d  CV*,  which  in 
this  case  is  151  kilovoltamperes. 

The  tuning  capacitance  C  must 
be  distinguished  from  the  charging 
capacitance  C.  which  is  used  in  cal¬ 
culating  the  charging  current  of 
the  transformer.  Because  the  en¬ 
ergy  stored  per  unit  volume  in  the 
cylindrical  space  between  coil  and 
tank  varies  with  the  square  of  the 
height,  the  fifth  term  in  Eq.  (3)  ap¬ 
pears  with  the  coefficient  1/8.  Be- 


ductance  and  capacitance  are  chosen 
to  represent  the  non-uniformly 
loaded  coil  and  its  terminal  and  dis¬ 
tributed  capacitance.  From  con¬ 
sideration  of  the  magnetic  and 
electrostatic  energy  distribution, 
formulas  for  L  and  C  were  derived 
which  allow  one  to  predict  the  re¬ 
quired  number  of  turns  within  two 
or  three  percent. 

The  inductance  is  evaluated  as 


where 


total  number  of  turns 


Radioqraph  ol  a  German  periscope, 
made  with  the  2,000,000-Tolt  x-roy  unit, 
illustrates  how  one  exposure  is  sutti- 
dent  at  this  high  Toltage  to  obtain  a 
pidure  of  sereral  thicknesses  and  ma¬ 
terials 


cause  the  dielectric  displacement 
current  per  unit  height  of  the  coil 
is  proportional  to  the  height,  the 
term  of  C,  will  appear  with  the 
coefficient  1/2  in  the  expression  for 
Ce,  thus 

C,  -  Cl  +  C,  -h  C,  -f-  C«  -H  iC»  (4) 
The  calculated  value  of  C«  is  83  nfd 
with  a  reactance  of  10.66  megohms, 
drawing  a  charging  current  of  133 
ma  rms  at  2  megavolts  through  the 
ground  connection  of  the  high-volt¬ 
age  coil.  This  calculated  current  is 
close  to  the  131  ma  rms  determined 
by  measurement 

Magavoltmator  Calibrotioa 

Calibration  was  done  in  air  at 
atmospheric  pressure  with  an  ex¬ 
ternal  12.5-cm  sphere  gap  corrected 
and  adjusted  for  100  kilovolts  peak. 
The  hemispherical  brass  terminal 
cap  of  the  transformer  was  con¬ 
nected  through  one  of  the  cooler 
holes  by  a  metal  tube  and  a  high- 
voltage  insulating  bushing  to  the 
external  sphere  gap.  The  added  ca¬ 
pacitance  threw  the  transformer 
out  of  tune  and  the  charging  cur¬ 
rent  read  on  the  meter  in  the 
ground  lead  of  the  high-voltage 
winding  was  meaningless.  However, 
across  the  other  hole  in  the  tank, 
diametrically  opposite  the  bushing, 
was  temporarily  mounted  against 
the  inside  wall  of  the  tank  a  large, 


tnch#s  of  Concrete 


FIG.  4 — Thu  plot  oi  the  tranxmUiion  of 
two  million  rolt  x-rays  through  con¬ 
crete  indicates  the  thickness  necessary 
to  proTide  sole  shielding  of  the  radio- 
•  graph  room 


Milltmeters  Added  Leod  Around  Thfanble 


FIG.  5 — Comparison  of  one  and  two 
mUUon  Tolt  x-rays  shows  that  the 
hlgher-Toltage  rays  hare  relotlTely 
higher  penetration  for  thick  objects  than 
do  the  lower-Tollage  rays 
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smooth,  insulated  pick-up  plate.  A 
lead  from  this  plate  passed  through 
the  hole  to  a  vacuum-tube  rectifier 
and  d-c  microammeter.  ^ 

By  operating  the  transformer  at 
180  cycles  and  raising  the  voltage 
until  the  spheres  sparked,  a  reading 
was  obtained  on  the  pick-up  plate 
microammeter  corresponding  to  100 
kilovolts  peak.  After  removal  of  the 
bushing  and  the  sphere  gap  the 
transformer  was  again  in  tune  and 
the  100  kilovolts  peak  obtained  by 
reading  the  pickup  plate  microam¬ 
meter  was  used  as  the  basis  of  the 
calibration  of  the  megavoltmeter  on 
the  control  panel. 

The  insulating  shaft  for  adjust¬ 
ing  the  filament  current  rs  also  of 
glass  similar  to  the  transformer  tie 
rods.  This  control  shaft,  mounted 
inside  the  transformer  stack  and 
driven  by  a  reversible  motor,  pro¬ 
vides  remote  control  for  the  vari¬ 
able  inductance  in  the  filament  cir¬ 
cuit.  By  controlling  the  filament  cur¬ 
rent  the  x-ray  tube  electron  beam 
current  is  made  adjustable. 

Electron  Beom  Control 

Toroidal  shields  surrounding  and 
connected  to  the  various  electrodes 
electrostatically  shield  the  electron 
beam.  The  size  of  the  beam  is 
largely  determined  by  cathode  ge¬ 
ometry  and  by  the  ratio  of  the  volt¬ 
age  used  in  the  first  section  to  that 
in  the  remaining  sections.  Without 
magnetic  focusing  the  spot  on  the 
target  is  about  {  in.  in  diameter. 
It  can  be  changed  to  any  desired 
size  by  the  magnetic  focusing  coil. 
For  industrial  radiography  the  size 
of  the  focal  spot  is  reduced  as  far  as 
possible  without  overloading  the 
tungsten  target  and  thereby  short¬ 
ening  the  life  of  the  tube. 

X-ray  Protection 

The  x-ray  protection  for  this  unit 
must  be  supplied  largely  by  build¬ 
ing  the  enclosure  in  which  it  is  to 
be  used  with  thick  walls  of  concrete 
or  lead.  This  becomes  necessary  be¬ 
cause  diversified  radiographic  tech¬ 
niques  with  metal  structures  of  dif¬ 
ferent  shapes  demand  that  the  ex¬ 
tension  chamber  not  be  covered 
with  a  large  and  heavy  protective 
shield. 

A  lead  shield  with  two-inch  thick 
walls  and  weighing  140  lb  is  placed 
around  the  extension  chamber.  This 
provides  some  protection,  but  its 


principal  purpose  is  to  improve  the 
quality  of  the  radiographs  by  re¬ 
ducing  the  scattered  and  stray 
x-radiation.  This  shield  can  be  ad¬ 
justed  to  change  the  diameter  of 
the  cone  of  radiation  of  either  the 
reflected  or  the  transmitted  beam 
of  x-rays. 

Figure  4  gives  the  transmission 
of  2-megavolt  radiation  through 
poured  concrete.  These  data  in  com¬ 
bination  with  the  x-ray  intensity 
measurements  given  in  Roentgen 
units  in  Fig.  5  permit  an  estimate 
of  the  wall  thickness  required  to 
provide  any  degree  of  x-ray  pro¬ 
tection. 

X-Ray  Radiation  Measurements 

This  x-ray  unit  produces  very 
penetrating  x-rays  ol  high  intens¬ 
ity.  Figure  5  gives  the  x-ray  out¬ 
put  of  the  2,000,000-volt  machine 
operating  at  1.5  ma  current,  com¬ 
pared  with  a  million-volt  machine 
operating  at  3.0  ma  current.  These 
intensity  measurements  were  taken 
of  the  transmitted  beam  through 
the  tungsten  target  with  an  inher¬ 
ent  filtration  of  1.6  mm  tungsten 
and  6.0  mm  copper  and  using  a  Vic- 
toreen  Roentgen  capacitor  meter. 
The  thimble  type  ionization  cham¬ 
ber  was  placed  100  cm  from  the 
target  in  free  air  for  the  zero  filter 
measurement  and  inclpsed  in  lead 
cylinders  for  the  add^  lead  filter 
measurements. 

Industrial  Applications 

Radiographs  of  thick  sections  of 
steel,  ranging  from  1  to  10  inches 
in  wall  thickness,  can  be  obtained 
in  short  exposure  times  using 
2, 000,000- volt  radiation.  The  com¬ 
parative  gain  in  radiographic  speed 
of  this  machine  over  the  million- 
volt  unit  becomes  more  pronounced 
for  the  thicker  sections  of  metal. 
Figure  5  shows  that  the  higher- 
voltage  x-rays  are  less  rapidly  dis¬ 
sipated  in  traveling  through  thick 
sections  than  are  the  lower-voltage 
x-rays. 

Figure  6  shows  the  decrease  in 
exposure  time  required  with  the 
2,000,000-volt  machine  rated  at  1.6 
ma  over  the  million-volt  until  rated 
at  8.0  ma,  for  various  thicknesses 
of  steel  at  a  fixed  target-film  dis¬ 
tance.  Figure  7  gives  the  exposure 
time  required  with  the  2,000,000- 
volt  unit  through  steel  for  various 
target-film  distances. 


Stereoscopic  radiographs  of  metal 
sections  of  widely  varying  wall 
thickness  can  be  obtained  with  defi¬ 
nition  of  the  order  of  one  to  two 
percent.  It  has  been  found  that  ra¬ 
diographs  taken  with  two  million 
volt  x-rays  will  clearly  define  de¬ 
fects  of  less  than  one  percent  in 
steel  structures  which  have  walls 
with  thicknesses  which  vary  from 
one  to  ten  inches.  Two  million  volt 
x-rays  have  the  added  advantage  of 
greater  latitude  in  the  range  of 
metal  thicknesses  readable  on  one 
radiograph  without  the  time-con¬ 
suming  complication  of  a  blocking 
technique  generally  practiced  in 
the  lower  voltage  range. 


Inches  of  Steel 


FIG.  6 — The  data  for  this  graph  was 
obtained  with  a  three-foot  torget-to-film 
distance  using  0.010-in.  lead  screens, 
type  A  x-roy  film,  density  1.5  and  de- 
Telopment  at  68  degrees  F  for  six 
minutes.  With  two  million  Tolt  rays 
(1.5  ma  curve),  only  one-hundredth  the 
time  required  by  million-volt  rays  is 
needed  for  radiographing  8  in.  of  steel 


FIG.  7 — Exposure  times  for  various 
thicknesses  of  steel  and  for  different 
torget-to-iilm  distances  for  24>00.000-volt 
needed  for  radiographing  8  in.  of  steel 
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ductance  and  capacitance  are  chosen 
to  represent  the  non-uniformly 
loaded  coil  and  its  terminal  and  dis¬ 
tributed  capacitance.  From  con¬ 
sideration  of  the  magnetic  and 
electrostatic  energy  distribution, 
formulas  for  L  and  C  were  derived 
which  allow  one  to  predict  the  re¬ 
quired  number  of  turns  within  two 
or  three  percent. 

The  inductance  is  evaluated  as 

where 

n  =  total  pumber  of  turns 


FIG.  4 — This  plot  of  the  transmission  of 
two  million  Tolt  x-rays  through  con¬ 
crete  indicates  the  thickness  necessary 
to  proTide  sole  shielding  of  the  rodio- 
-  graph  room 


FIG.  5 — Comparison  of  one  and  two 
million  Tolt  x-rays  shows  that  the 
higher-Toltage  rays  hare  relotiTely 
higher  penetration  for  thick  objects  than 
do  the  lower-ToItoge  rays 


D  =  minimum  turn  diameter 
plus  one  third  the  differ¬ 
ence  between  minimum  and 
maximum  diameters  in 
inches 

h  =  coil  stack  height  in  inches 

d  =  distance  from  bottom  coil 
to  laminated  steel  disk  be¬ 
low  it,  in  inches 

The  term  D/4  is  representative 
of  the  reluctance  from  the  top  of  the 
coil  to  the  laminated  shell  on  the 
tank  wall. 

The  tuning  capacitance  is 

C  -  C,  -h  C,  +  C,  H-  C«  -f  W  (3) 
The  first  four  terms  represent  the 
capacitance  of  the  terminal  cap  in 
simplified  terms  that  can  be  calcu¬ 
lated  either  as  concentric  sphejres, 
parallel  planes,  or  concentric-cylin¬ 
der  capacitors.  The  last  term  is  the 
capacitance  of  the  concentric  cylin¬ 
ders  formed  by  outside  copper  turns 
and  inside  laminated  shell.  This 
term  appears  with  the  coefiScient  1/3 
because  the  energy  stored  in  this 
space  is  only  one  third  of  what 
would  be  stored  with  uniform  wind¬ 
ing  voltage. 

For  the  mobile  two  million  volt 
180  cycle  x-ray  transformer  these 
calculated  values  are  C  =  67.1  /i/tf, 
L  =  11,700  henrys. 

Three  times  as  much  inductance 
would  be  required  for  resonance  at 
60  cps  and  the  wire  diameter  for 
such  a  design  would  be  impracti- 
caUy  small.  Higher  frequencies  than 
180  cps  could  be  used  but  are  not 
desirable  since  the  iron  losses  in  the 
return  magnetic  shell  would  in¬ 
crease  almost  proportionally  to  the 
square  of  the  frequency  even  if 
there  were  an  increase  in  the 
weight  of  iron. 

The  stored  energy  of  the  tuning 
capacitance  C  at  the  peak  of  the 
voltage  wave  amounts  to 

iCF*  -  i(67.1  X  10-“)  (2  X  10»)»  - 
134  joules 

This  stored  energy  corresponds  to 
a  power  of  (1/2)  o)  CV*,  which  in 
this  case  is  151  kilovoltamperes. 

The  tuning  capacitance  C  must 
be  distinguished  from  the  charging 
capacitance  C,  which  is  used  in  cal¬ 
culating  the  charging  current  of 
the  transformer.  Because  the  en¬ 
ergy  stored  per  unit  volume  in  the 
cylindrical  space  between  coil  and 
tank  varies  with  the  square  of  the 
height,  the  fifth  term  in  Eq.  (8)  ap¬ 
pears  with  the  coefficient  1/8.  Be- 


Radiograph  ol  a  German  periscope, 
made  with  the  2.000,000-toU  x-ray  unit, 
illustrates  how  one  exposure  is  suiii- 
cient  at  this  high  Toltage  to  obtain  o 
picture  of  several  thicknesses  and  mo- 
terials 

cause  the  dielectric  displacement 
current  per  unit  height  of  the  coil 
is  proportional  to  the  height,  the 
term  of  C,  will  appear  with  the 
coefficient  1/2  in  the  expression  for 
Ce,  thus 

C*  >“  Cl  +  Cj  -H  C»  -f-  C4  -f-  |Ci  (4) 
The  calculated  value  of  C«  is  83  /x/xf 
with  a  reactance  of  10.66  megohms, 
drawing  a  charging  current  of  133 
ma  rms  at  2  megavolts  through  the 
ground  connection  of  the  high-volt¬ 
age  coil.  This  calculated  current  is 
close  to  the  131  ma  rms  determined 
by  measurement. 

M*gaveltm«f«r  Calibrafioa 

Calibration  was  done  in  air  at 
atmospheric  pressure  with  an  ex¬ 
ternal  12.5-cm  sphere  gap  corrected 
and  adjusted  for  100  kilovolts  peak. 
The  hemispherical  brass  terminal 
cap  of  the  transformer  was  con¬ 
nected  through  one  of  the  cooler 
holes  by  a  metal  tube  and  a  high- 
voltage  insulating  bushing  to  the 
external  sphere  gap.  The  added  ca¬ 
pacitance  threw  the  transformer 
out  of  tune  and  the  charging  cur¬ 
rent  read  on  the  meter  in  the 
ground  lead  of  the  high-voltage 
winding  was  meaningless.  However, 
across  the  other  hole  in  the  tank, 
diametrically  opposite  the  bushing, 
was  temporarily  mounted  against 
the  inside  wall  of  the  tank  a  large. 
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Stereoscopic  radiographs  of  metal 
sections  of  widely  varying  wall 
thickness  can  be  obtained  with  defi¬ 
nition  of  the  order  of  one  to  two 
percent.  It  has  been  found  that  ra¬ 
diographs  taken  with  two  million 
volt  x-rays  will  clearly  define  de¬ 
fects  of  less  than  one  percent  in 
steel  structures  which  have  walls 
with  thicknesses  which  vary  from 
one  to  ten  inches.  Two  million  volt 
x-rays  have  the  added  advantage  of 
greater  latitude  in  the  range  of 
metal  thicknesses  readable  on  one 
radiograph  without  the  time-con¬ 
suming  complication  of  a  blocking 
technique  generally  practiced  in 
the  lower  voltage  range. 


principal  purpose  is  to  improve  the 
quality  of  the  radiographs  by  re¬ 
ducing  the  scattered  and  stray 
x-radiation.  This  shield  can  be  ad¬ 
justed  to  change  the  diameter  of 
the  cone  of  radiation  of  either  the 
reflected  or  the  transmitted  beam 
of  x-rays. 

Figure  4  gives  the  transmission 
of  2-megavolt  radiation  through 
poured.concrete.  These  data  in  com¬ 
bination  with  the  x-ray  intensity 
measurements  given  in  Roentgen 
units  in  Fig.  6  permit  an ‘estimate 
of  the  wall  thickness  required  to 
provide  any  degree  of  x-ray  pro¬ 
tection. 


smooth,  insulated  pick-up  plate.  A 
lead  from  this  plate  passed  through 
the  hole  to  a  vacuum-tube  rectifier 
and  d-c  microammeter. 

By  operating  the  transformer  at 
180  cycles  and  raising  the  voltage 
until  the  spheres  sparked,  a  reading 
was  obtained  on  the  pick-up  plate 
microammeter  corresponding  to  100 
kilovolts  peak.  After  removal  of  the 
bushing  and  the  sphere  gap  the 
transformer  was  again  in  tune  and 
the  100  kilovolts  peak  obtained  by 
reading  the  pickup  plate  microam¬ 
meter  was  used  as  the  basis  of  the 
calibration  of  the  megavoltmeter  on 
the  control  panel. 

The  insulating  shaft  for  adjust¬ 
ing  the  filament  current  is  also  of 
glass  similar  to  the  transformer  tie 
rods.  This  control  shaft,  mounted 
inside  the  transformer  stack  and 
driven  by  a  reversible  motor,  pro¬ 
vides  remote  control  for  the  vari¬ 
able  inductance  in  the  filament  cir¬ 
cuit.  By  controlling  the  filament  cur¬ 
rent  the  x-ray  tube  electron  beam 
current  is  made  adjustable. 


X-Ray  Radiation  Measurements 

This  X-ray  unit  produces  very 
penetrating  x-rays  ot  high  intens¬ 
ity.  Figure  6  gives  the  x-ray  out¬ 
put  of  the  2,000,000-volt  machine 
operating  at  1.5  ma  current,  com¬ 
pared  with  a  million-volt  machine 
operating  at  8.0  ma  current.  These 
intensity  measurements  were  taken 
of  the  transmitted  beam  through 
the  tungsten  target  with  an  inher¬ 
ent  filtration  of  1.5  mm  tungsten 
and  5.0  mm  copper  and  using  a  Vic- 
toreen  Roentgen  capacitor  meter. 
The  thimble  type  ionization  cham¬ 
ber  was  placed  100  cm  from  the 
target  in  free  air  for  the  zero  filter 
measurement  and  inclosed  in  lead 
cylinders  for  the  added  lead  filter 
measurements. 


Electron  Beam  Canfrol 

Toroidal  shields  surrounding  and 
connected  to  the  various  electrodes 
electrostatically  shield  the  electron 
beam.  The  size  of  the  beam  is 
largely  determined  by  cathode  ge¬ 
ometry  and  by  the  ratio  of  the  volt¬ 
age  used  in  the  first  section  to  that 
in  the  remaining  sections.  Without 
magnetic  focusing  the  spot  on  the 
target  is  about  I  in.  in  diameter. 
It  can  be  changed  to  any  desired 
size  by  the  magnetic  focusing  coil. 
For  industrial  radiography  the  size 
of  the  focal  spot  is  reduced  as  far  as 
possible  without  overloading  the 
tungsten  target  and  thereby  short¬ 
ening  the  life  of  the  tube. 


FIG.  6 — The  data  for  this  graph  was 
obtained  with  a  three-ioot  torget-to-iilra 
distance  using  0.010-in.  lead  screens, 
type  A  x-roy  film,  density  1.5  and  de¬ 
velopment  at  68  degrees  F  for  six 
minutes.  VHlh  two  million  volt  rays 
(1.5  ma  curve),  only  one-hundredth  the 
time  required  by  million-volt  roys  is 
needed  for  radiographing  8  in.  of  steel 


iRdystrial  Applications 

Radiographs  of  thick  sections  of 
steel,  ranging  from  1  to  10  inches 
in  wall  thickness,  can  be  obtained 
in  short  exposure  times  using 
2,000,000-volt  radiation.  The  com¬ 
parative  gain  in  radiographic  speed 
of  this  machine  over  the  million- 
volt  unit  becomes  more  pronounced 
for  the  thicker  sections  of  metal. 
Figure  5  shows  that  the  higher- 
voltage  x-rays  are  less  rapidly  dis¬ 
sipated  in  traveling  through  thick 
sections  than  are  the  lower- voltage 
x-rays. 

Figure  6  shows  the  decrease  in 
exposure  time  required  with  the 
2,000,000-volt  machine  rated  at  1.5 
ma  over  the  million-volt  until  rated 
at  8.0  ma,  for  various  thicknesses 
of  steel  at  a  fixed  target-film  dis¬ 
tance.  Figure  7  gives  the  exposure 
time  required  with  the  2,000,000- 
volt  unit  through  steel  for  various 
target-film  distances. 


X-ray  Protectian 

The  x-ray  protection  for  this  unit 
must  be  supplied  largely  by  build¬ 
ing  the  enclosure  in  which  it  is  to 
be  used  with  thick  walls  of  concrete 
or  lead.  This  becomes  necessary  be¬ 
cause  diversified  radiographic  tech¬ 
niques  with  metal  structures  of  dif¬ 
ferent  shapes  demand  that  the  ex¬ 
tension  chamber  not  be  covered 
with  a  large  and  heavy  protective 
shield. 

A  lead  shield  with  two-inch  thick 
walls  and  weighing  140  lb  is  placed 
around  the  extension  chamber.  This 
provides  some  protection,  but  its 


Inches  cyf  Steel 


FIG.  7 — Exposure  timet  for  various 
thicknetset  of  steel  and  for  dUierent 
torget-to-film  distances  for  24)00.000-volt 
needed  for  radiographing  8  in.  of  steel 
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RELAYS  IN 

Industrial  Tube  Circuits 


Practical  survey  of  available  methods  for  using  relays  with  diodes  and  triodes  for  on-off 
control  applications.  Ordinary  d-c  relays  are  best  for  both  a-c  and  d-c  operated  circuits. 
Part  II  will  cover  relay  circuits  providing  gradual  control,  and  Part  III  will  deal  with 
relays  in  thyratron,  multiplier  phototube  and  other  special  industrial  tube  circuits 


Electronic  engineers  designing  By  ULRICH  R.  FURST  also  requires  excessive  currents 

communication  and  especially  Chicago,  jiunoi*  through  relay  and  tube.  The  use  of 

:ontrol  equipment  frequently  en-  electrical  filters  is  a  more  desirable 

jounter  the  problem  of  operating  means  of  suppressing  relay  chatter, 

relays  by  means  of  electron  tubes,  operation  of  relays.  All  that  is  re-  A  tube  can  act  as  a  half-wave 

^though  such  relays  are  usually  quired  is  that  the  relay  pull  in  and  rectifier,  with  the  relay  coil  as  its 
ronnected  in  the  plate  circuit  of  the  drop  out  in  the  desired  manner.  It  is  load.  Such  a  combination  behaves 
;ubes  and  may  therefore  be  consid-  therefore  often  convenient  to  oper-  like  a  half-wave  rectifier  with  an 
jred  as  load  for  the  tube,  the  ap-  ate  relays  and  tubes  directly  from  inductive  load.  The  actual  differ- 
alied  signal  differs  essentially  from  the  a-c  power  line,  thus  saving  con-  ences  between  these  two  cases  de- 
that  used  in  communication  work,  siderable  material,  space  and  pend  on  the  difference  between  the 
so  that  other  design  procedures  money.  Use  is  made  of  the  inherent  characteristic  curve  of  a  diode  and 
lave  to  be  employed.  property  of  all  electron  tubes  the  dynamic  characteristic  result- 

The  impedance  of  a  relay  coil  is  wherein  they  conduct  current  in  ing  from  the  manner  of  operation 

jquivalent  to  a  series  combination  only  one  direction  and  therefore  of  the  particular  tube, 
if  a  resistance  and  a  small  indue-  produce  their  own  rectified  voltage, 
tance  whose  value  is,  like  all  iron-  If  d-c  relays  are  to  be  used  in 
:ore  inductors,  dependent  upon  the  such  a  circuit  some  kind  of  filtering 
coil  current.  In  most  cases  this  in-  must  be  provided,  otherwise  the  re¬ 
luctance  can  be  neglected  because  lay  current  will  consist  of  a  series 
the  time  of  a  cycle  of  operation  is  of  current  impulses  at  line  fre- 
usually  much  greater  than  the  time  quency.  The  duration,  shape  and 
constant  of  the  relay.  magnitude  of  these  pulses  depend 

The  signals  used  to  control  the  on  the  type  of  tube,  operating  con- 
action  of  relays  are  best  treated  as  ditions  of  the  tube,  and  the  external 
transients  rather  than  sinusoidal  plate  circuit  constants.  In  many 
signals,  although  they  may  be  re-  cases,  when  the  relay  is  used  in  self- 
peated  at  regular  intervals.  It  is  rectifying  tube  circuits  the  arma- 
therefore  advisable  to  think  in  ture  of  standard  relays  will  chatter, 
terms  of  time-constants  and  time-  a  condition  which  must  be  avoided 
delays  rather  than  in  terms  of  in-  for  reliable  operation, 
ductive  and  capacitive  reactances  In  some  cases  it  is  possible  to  se- 
and  frequencies.  This  philosophy  lect  a  relay  coil  having  a  long  time- 
will  be  adhered  to  in  these  articles.  constant  '  (resistance- inductance 
For  the  same  reason,  the  well-known  ratio)  or  one  with  a  heavy  arma- 
methods  of  network  analysis  are  ture  which  is  so  sluggish  that  it 
usually  cumbersome  and  other  does  not  follow  individual  current 
methods  will  be  used  to  design  re-  pulses.  At  the  same  time,  average 
lay  control  circuits.  relay  current  can  be  increased  above 

that  necessary  to  operate  the  relay. 

Pow«r  R«qiiirem*Rts  However,  this  arrangement  not 

A  well-filtered  d-c  supply  voltage  only  imposes  unnecessary  limita- 
is  not  always  necessary  for  the  tube  tions  on  the  design  of  circuits,  but 


A-C  Power  Filtering 

The  simplest  filter-circuit  is  a 
capacitor-input  filter  consisting  of 
a  large  capacitor  in  parallel  with 
the  load,  which  in  this  case  is  the 
relay  coil.  Because  the  inductance 
of  the  relay  coil  is  usually  very 
small,  it  can  be  neglected,  for  a 
first  approximation,  without  im¬ 
pairing  the  results.  In  such  a  filter 
the  capacitor  is  charged  to  almost 
the  peak  value  of  the  supply  voltage, 
the  difference  being  due  to  the  volt¬ 
age  drop  across  the  rectifier  tube 
and  the  current  limitation  of  the 
tube,  the  latter  preventing  a  mo¬ 
mentary  full  charging  of  the  capac¬ 
itor.  Between  charging  impulses 
the  capacitor  discharges  contin¬ 
uously  through  the  load.  The  in¬ 
stantaneous  and  average  currents 
can  be  easily  calculated  by  the  usual 
methods  for  determination  of  the 
behavior  of  half-wave  rectifiers. 

The  average  rectified  current  is 
always  much  larger  than  it  would 
be  without  the  capacitor,  due  to  the 
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FIG.  1 — Tha  shading  ring  oi  an  a-c  rslcnr 
oparotsd  in  sariss  with  a  hali-wora  racti* 
fiar  will  not  prarant  chattaring 


\  /  slight  increased  operating  efficiency. 

^  .  Relays  designed  for  a-c  operation 

are  not  recommended  for  use  in 
tube  circuits.  These  relays  usually 
^  ^  laminated  core  to  decrease 

eddy-current  losses.  This  core  is 
^  parts  near  the  arma¬ 

ture.  A  solid  copper  ring  is  fastened 
around  one  of  these  parts,  and  acts 
like  a  low-resistance  secondary 
:iing-nng  ^  winding  of  a  transformer  the  pri- 

•  mary  winding  of  which  is  the  re- 

_  lay  coil.  Because  the  reactance  of 

this  shading  ring  is  considerably 
larger  than  its  resistance,  the  cur- 
^  Combined  rent  flowing  through  the  ring  lags 

degrees  the  current  through 
^  relay  coil.  This  shading  current 

produces  an  additional  magnetic 
aYAu.//// force  on  the  armature  which 

reaches  its  maximum  just  when  the 
flux  due  to  the  relay  coil  current  de- 
,  creases  to  zero.  Therefore,  at  any 

time  one  of  the  two  forces  is  acting 
on  the  armature  and  chattering  is 
reduced  by  the  voltage  drop  across  prevented, 
this  resistor;  this  also  reduces  the 
average  plate  current. 

An  increase  of  this  series  resis¬ 
tance  beyond  the  minimum  value 
necessitated  by  the  tube  ratings 
further  decreases  the  average  cur¬ 
rent,  or  rather  counteracts  the  ef¬ 
fect  of  the  capacitor  in  increasing 
tube  current.  When  the  series  re¬ 
sistance  approaches  that  of  the 
relay  coil,  the  capacitor  action  is 
fully  compensated,  and  the  average 
current  through  the  relay  coil  is 
the  same  as  if  both  the  capacitor 
and  resistor  were  omitted.  How¬ 
ever,  instead  of  consisting  of  sep¬ 
arate  pulses  the  current  is  almost 
constant,  except  for  a  small  ripple 
component.  It  should  be  noted  that 
about  half  the  voltage  and  there¬ 
fore  half  the  power  is  lost  in  the 
series  resistor.  Of  course,  chokes 
could  be  used  instead  of  resistors, 
but  the  increase  in  cost,  space  and 
weight  rarely  compensates  for  the 


higher  voltage  across  the  capacitor. 
For  most  sensitive  relays  used  in 
vacuum-tube  circuits,  4  /if  will  pro¬ 
vide  adequate  Altering ;  a  larger  ca¬ 
pacitor  will  reduce  ripple  still  fur¬ 
ther  and  therefore  decrease  the 
tendency  of  the  relay  to  chatter,  but 
operation  will  also  become  more 
sluggish.  This  results  because  the 
RC  time-constant  is  increased  and 
causes  a  delayed  release  of  the  re¬ 
lay.  The  current  surge  through  the 
tube  is  also  increased. 

Care  must  be  taken  that  this  cur¬ 
rent  surge  does  not  exceed  the 
maximum  rated  peak  plate  current. 
Failure  to  observe  this  precaution 
when  using  gas  or  vapor-filled  tubes 
results  in  increased  voltage  drop 
across  the  tube,  and  the  life  of  the 
cathode  is  considerably  reduced. 
Current  surges  can  be  avoided  by 
connecting  a  current-limiting  resis¬ 
tor  between  the  tube  and  capacitor. 
*Vlthough  the  tube  is  then  protected, 
the  voltage  across  the  capacitor  is 


Operation  of  A-C  Relays 

If  an  a-c  relay  is  energized  only 
by  pulses  during  one  half  of  a  cycle 
and  not  energized  during  the  re¬ 
maining  half,  the  current  through 
the  shading  ring  will  not  be  contin¬ 
uous.  It  will  consist  of  two  pulses 
of  opposite  direction,  one  at  the 
start  and  the  other  at  the  end  of  the 
conducting  period.  This  current 
and  therefore  the  forces  acting  on 
the  armature  will  be  proportional 
to  the  rate  of  change  of  the  coil 
current.  As  can  be  seen  from  Fig. 
1,  practically  no  current  will  flow 
through  the  shading  ring  during 
the  non-conducting  period.  Despite 
the  use  of  the  shading  ring,  the 
magnetic  force  is  still  zero  through 
a  considerable  portion  of  the  cycle 
and  the  relay  will  chatter.  It  is  not 
■possible  to  produce  a  phase  differ¬ 
ence  of  more  than  90  degrees  be¬ 
tween  the  currents  in  the  relay  coil 
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lished  by  tube  manufacturers,  a  tion  potential  of  the  gas  diode, 
curve  of  current  vs  heating  time  The  following  relation  exists^  for 
must  be  made  by  the  user.  Heating  the  plate  current  of  a  d-c  operated 
time  depends  appreciably  on  the  gas  diode: 
heater  voltage  and  on  the  age  of  the 
emitting  cathode  of  the  diode. 

The  thermal  time-delay  diode  re¬ 
lay  is  accurate  enough  to  be  used, 
for  example,  to  keep  the  plate  of  a 
gas  tube  disconnected  until  its  fila¬ 
ment  has  reached  operating  tem¬ 
perature.  It  can  aliM  be  used  in 
burglar-alarm  or  other  control  sys¬ 
tems  to  restore  the  operation  of 
units  which  became  inoperative 
during  a  short  failure  of  the  sup¬ 
ply  voltage  if  during  this  time  the 
cathode  emission  did  not  decrease 
below  the  pull-in  current  of  the  re- 


and  in  the  shading  ring  so  as  to 
cover  this  gap  in  the  magnetic 
force,  and  therefore  these  relays 
require  as  much  filtering  as  d-c  re¬ 
lays  of  similar  dimensions. 


Diodes  for  Relay  OporotioH 

A  d-c  relay  can  be  connected  in 
series  with  a  diode  to  permit  oper¬ 
ation  from  an  a-c  power  source. 
The  problems  encountered  are  es¬ 
sentially  those  of  .  a  half-wave  recti¬ 
fier  furnishing  pulsating  direct  cur¬ 
rent  to  the  relay  coil  as  its  load.  In 
addition  to  filtering  considerations, 
the  usual*  procedures  of  designing 
such  rectifiers  and  their  associated 
filter  circuits  should  be  followed. 
These  considerations  are  equally 
valid  for  hot-cathode  vacuum  tubes 
as  well  as  for  cold-cathode  and  hot- 
cathode  gas-filled  tubes. 

The  difference  in  performance  of 
these  three  tube  types  can  be  ex¬ 
pressed  in  terms  *of  their  internal 
voltage  drops.  In  hot-cathode  vac¬ 
uum  diodes  this  voltage  drop  in¬ 
creases  with  current.  Design  data 
is  published  by  tube  manufacturers 
in  the  form  of  tube  characteristic 
curves.  In  both  hot  and  cold-cath¬ 
ode  types  of  gas-filled  diodes  volt¬ 
age  drop  is  constant  and  dependent 
upon  the  particular  type  tube.  In 
cold-cathode  tubes  the  tube  voltage 
drop  is  considerably  larger  than  in 
hot-cathode  tubes. 

One  type  of  cold-cathode  vacuum 
diode  is  the  phototube,  which  is 
mentioned  here  only  for  the  sake  of 
completeness.  Its  current  output  is 
small  and  it  is  not  usually  possible 
to  operate  relays  from  such  tubes 
without  additional  amplification. 
This  amplification  can  be  either  by 
a  grid-controlled  tube  which  in  turn 
can  operate  the  relay,  or  by  using 
amplification  due  to  secondary  elec¬ 
tron  emission  from  additional  elec¬ 
trodes  in  the  same  envelope  with 
the  photo  electric  cathode.  This 
latter  type  cannot  be  considered  a 
diode  and  will,  therefore,  be  treated 
in  the  last  section  of  this  series. 


where  E,  is  the  d-c  supply  voltage, 
E,  is  the  constant  internal  voltage 
drop  across  the  tube  and  R,  is  the 
resistance  of  the  relay  coil.  For  a-c 
operation  this  equation  must  be 
modified  to: 


where  E,  is  the  peak  supply  voltage,  I 
Et  is  the  internal  voltage  drop  of  I 
the  gas  tube,  ^  is  a  factor  whose  | 
value  depends  upon  the  filtering  or  | 
wave  form  of  the  relay  current,  R,  | 
is  the  coil  resistance,  and  R,  is  the 
series  resistance  of  the  filter.  If 
R,  is  very  small,  as  with  a  capacitor 
input-filter,  K  approaches  unity, 
and  is  less  than  0.31  if  there  is  no 
filter  or  if  a  resistance-input  filter 
is  used.  The  value  of  K  also  de¬ 
pends  on  the  fraction  of  the  cycle 
during  which  the  tube  conducts.  It 
is  usually  simpler  to  fijid  this  fac¬ 
tor  empirically  than  to  determine 
it  analytically. 

The  non-conducting  gas  tube  will 
fire  whenever  the  voltage  between 
its  electrodes  exceeds  the  ignition 
potential  Ei,  which  is  usually  be¬ 
tween  5  and  30  volts  higher  than 
the  internal  voltage  drop  of  the 
tube  during  conduction.  Both  the 
ignition  potential  and  the  internal 
voltage  drop  during  conduction  are 
unique  for  each  particular  tube 
type  and  can  be  found  in  manufac¬ 
turers’  tube  data. 

If  a  voltage  that  is  higher  than 
the  tube  drop  but  lower  than  the 
ignition  potential  is  applied  to  the 
tube,  the  behavior  of  the  tube  de¬ 
pends  upon  its  previous  history.  If 
this  voltage  is  obtained  by  increas¬ 
ing  a  previously  lower  voltage,  the 
tube  stays  non-conducting;  if  on 
the  other  hand  it  is  obtained  by  de¬ 
creasing  a  previously  higher  volt¬ 
age,  the  tube  having  been  fired  by 
the  higher  voltage  remains  fired. 
Or  in  other  words,  a  change  of  the 
conducting  stage  of  the  tube  occurs 
at  different  values  of  control  volt¬ 
age  depending  upon  whether  the 
control  voltage  increases  or  de¬ 
creases.  Unless  such  a  differential 
action  is  desired,  this  critical  range 
should  be  avoided.  It  is  shown  as  a 


FIG.  2 — ^Botwoon  tho  interned  tnbe-drop 
▼oltage  emd  the  ignition  potential  oi  gaa 
tubes  there  is  an  unstable  opererting  region 


lay.  A  false  alarm  is  thus  avoided. 

To  design  such  a  time-delay  re¬ 
lay,  the  cathode  current  which  will 
flow  after  the  desired  time  elapses  is 
determined  from  the  current  vs 
heating-time  curve.  Load  lines  are 
drawn  on  the  plate-current  vs  plate- 
voltage  characteristic  of  the  diode 
through  the  operating  point  to  find 
the  resistance  or  the  required  sup¬ 
ply  voltage  for  operation  of  the 
given  type  of  relay.  Obviously,  gas 
diodes  cannot  be  used  for  this  pur¬ 
pose,  because  the  plate  load  should 
be  disconnected  until  the  cathode 
has  reached  full  emission. 


Relay  Control  by  Gat  Diodes 

A  gas  diode  can  be  used  if  a 
variable  control  voltage  is  to  oper¬ 
ate  a  relay  whenever  the  voltage  ex¬ 
ceeds  a  predetermined  value.  An 
amplifier  or  attenuator  in  combin¬ 
ation  with  a  suitable  bias  voltage  is 
necessary  to  convert  the  critical 
value  of  control  voltage  to  the  igni- 


Diodot  as  TIno-Delay  Eloment 

Another  possible  application  of 
diodes  is  as  a  time-delay  relay.  The 
diode  heater  is  connected  to  its 
power  supply.  The  relay  operates 
when  the  emission  current  has 
reached  the  pull-in  value  of  the  re¬ 
lay.  As  no  heating  curves  are  pub- 
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shaded  portion  in  Fig.  2,  which  is  a 
graphical  representation  of  Sq.  (1) 
and  (2). 

To  avoid  damage  to  the  gas  di¬ 
ode,  a  series  resistor  is  needed.  This 
resistor  can  be  either  the  relay 
coil  resistance  or  an  additional 
series  resistor.  The  tube  fires  when 
its  ignition  potential  is  reached.  If 
the  voltage  across  the  tube  remains 
at  this  high  value,  the  cathode  will 
be  damaged.  However,  if  there  is 
resistance  in  series  with  the  gas 
diode,  the  current  will  become  such 
that  the  IR  drop  across  this  resistor 
will  be  the  difference  between  Ei 
and  the  applied  control  voltage,  and 
the  tube  will  be  protected.  The 
series  resistance  should'  be  such 
that  the  current  that  flows  will  be 
at  least  the  pull-in  current  for  the 
relay,  but  not  greater  than  the 
maximum  allowable  tube  current. 

Stasitlv*  Control  With  Vacanm  Tubes 

More  important  than  diodes  for 
relay  operation  are  triodes  and 
pentodes.  (Ordinary  and  beam 
tetrodes  have  essentially  the  same 
behavior  as  pentodes  and  shall 
be  included  in  this  group.)  These 
tubes  make  operation  of  relays  pos¬ 
sible  with  practically  no  power 
consumption  in  the  controlling  or 
pilot  circuit. 

The  simplest  case  is  on-off  con¬ 
trol  of  the  relay.  The  tube  may  be 
normally  biased  beyond  cut-off ; 
when  the  relay  is  to  be  energized 
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FIG.  3 — This  circuit  illustrotns  the  basic 
arrangement  for  Tacuum-tube  relay  con* 
troL  Closing  the  switch  actuates  the  relay 


the  grid  is  connected  to  the  cathode 
80  that  the  full  plate-current  flows 
through  the  relay  in  the  plate-cir¬ 
cuit,  as  shown  in  Fig.  3.  If  the  bias 
is  supplied  through  a  very  high  re¬ 
sistance  R,  the  magnitude  of  which 
is  only  limited  by  the  grid-current 
characteristic,  the  current  through 
switch  S  can  be  made  extremely 
small,  so  that  the  delicate  contacts 


of  a  thermostatic  or  pressure  switch 
or  galvanometer-type  relay  can  be 
used.  The  use  of  this  circuit  for 
electronic  gages,  liquid  level  control 
and  similar  applications  is  obvious. 

The  selection  of  the  relay  coil 
can  be  easily  made.  The  full  plate 
current  of  the  tube  with  the  grid 
tied  to  the  cathode  must  be  larger 
than  the  pull-in  current  of  the  relay 
by  a*  suitable  safety  factor.  The 
voltage  drop  across  the  tube  and 
across  the  relay  coil  can  be  found 
from  the  tube  characteristic  curves 
on  which  the  corresponding  load- 
line  has  been  drawn.  A  check  can 
then  be  made  to  ascertain  whether 
the  power  dissipated  is  within  the 
ratings  of  the  tube. 

VacHym-Tube  Charactaristict  with  A-C 
Plate  Supply 

To  operate  tube  and  relay  di¬ 
rectly  from  an  a-c  power  supply 
there  is  again  the  problem  of  filter¬ 
ing  the  tube  output.  The  tube  with 
its  grid  tied  to  the  cathode  behaves 
exactly  like  a  diode  and  should  be 
treated  as  described  in  the  previous 
section.  Obviously,  no  filtering 
problem  exists  when  the  grid  is 
biased  beyond  cut-off. 

The  cut-off  bias  can  be  either  a 
constant  direct  voltage  which  is 
high  enough  to  prevent  current  flow 
when  plate  or  screen  voltage 
reaches  its  peak  value,  or  it  can  be 
an  alternating  voltage  which  is  180 
degrees  out  of  phase  with  the  plate- 
supply  voltage.  A  simple  way  to 
obtain  this  condition  is  to  use  a 
power-supply  transformer  with  a 
tapped  secondary  winding  as  shown 
in  Fig.  4.  One  end  of  the  winding 
is  .connected  to  the  grid  and  the 
other  end  to  the  plate  circuit 
return;  the  cathode  is  connected  to 
the  tap  of  the  winding.  Another 
tap  or  a  separate  winding  on  the 
same  transformer  furnishes  the 
heater  voltage. 

The  instantaneous  grid  voltage 
should  always  be  at  least  the  cut-off 
value  for  the  corresponding  instan¬ 
taneous  plate  voltage.  This  cut-off 
value  is  obtained  from  the  tube 
characteristic  curves,  or  may  be  ap¬ 
proximated  by  dividing  the  plate 
voltage  by  the  amplification  factor. 
In  the  case  of  pentodes  use  the 
screen-control  grid  or  “cut-off*'  am¬ 
plification  factor,  which  is  approxi¬ 
mately  the  one  obtained  from  the 
characteristics  of  the  tube  con- 


FIG.  4 — For  a*€  oporoUon.  tho  power  troiia- 
iormer  is  tapped  approximately  in  the 
ratio  oi  1  to  pi 

nected  as  a  triode.  The  grid  volt¬ 
age  should  then  be  multiplied  by  a 
safety  factor. 

The  correct  relay  coil  resistance 
cannot  be  found  as  easily  from 
tube  characteristics  as  in  the  case 
of  d-c  operation,  but  experience 
shows  that  under  the  same  condi¬ 
tions  the  average  current  obtained 
from  an  rms  voltage  is  about  one 
half  the  current  obtained  from  the 
same  direct  voltage. 

Another  method  to  be  used  only 
with  pentodes  is  to  measure  the  di¬ 
rect  current  (as  read  from  a  d’ Ar¬ 
son  val  type  meter)  as  a  function 
of  the  rms  screen  voltage  while  the 
grid  is  tied  to  the  cathode.  The 
plate  voltage  has  very  little  influ¬ 
ence  on  the  plate  current  in  pen¬ 
todes,  and  it  is  therefore  not  im¬ 
portant  whether  the  plate  is  tied  to 
the  screen,  or  connected  through 
the  relay  coil  to  the  power  supply. 
Load  lines  can  then  be  drawm  on 
the  curves  so  obtained  exactly  as  in 
the  d-c  case.  Because  the  wave¬ 
shape  of  the  supply  voltage  has  an 
influence  on  the  plate  current,  too 
high  a  precision  should  not  be  ex¬ 
pected  from  this  curve.  This  method 
should  not  be  used  with  triodes,  be¬ 
cause  the  plate  current,  and  there¬ 
fore  the  voltage  drop  in  the  relay 
coil  and  the  actual  plate  voltage, 
are  neither  constant  nor  sinusoidal 
and  the  error  made  by  using  aver¬ 
age  values  to  draw  the  load-line  is 
usually  excessive. 

To  prevent  possible  overloading 
of  the  relay  coil  when  pentodes  are 
used,  it  is  good  practice  to  reduce 
the  screen  voltage  so  that  the  tube 
current  is  limited  to  the  relay’s 
pull-in  current  multiplied  by  a 
safety  factor.  This  practice  also  re¬ 
duces  the  required  grid  bias.  With 
triodes  this  protection  can  be  ob¬ 
tained  only  by  careful  selection  of 
the  relay  characteristics. 
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Shrinkage  Analysis  in 

TUBE  MANUFACTURE 


Procedure  for  isolating  the  factors  responsible  for  rejected  tubes,  with  examples  of  rou¬ 
tine  followed  by  Shrinkage  Analysis  Department  and  samples  of  typical  reports 
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Suppose  1000  stems  for  vacuum 
tubes  are  started  in  the  mount¬ 
ing  department  and  that  only  800 
actually  became  satisfactory  tubes. 
Shrinkage  analysis  seeks  to  deter¬ 
mine  why  200  were  lost  en  route. 
In  contrast,  quality  control  is  con¬ 
cerned  with  variations  in  the  per¬ 
formance  of  the  800  good  tubes. 
Shrinkage  analysis  thus  obtains 
information  directly  concerned 
with  the  reduction  and  removal  of 
factors  which  cause  *  industrial 
losses. 

If  the  product  is  running  close 
to  a  manufacturing  limit,  shrink¬ 
age  analysis  will  never  disclose 
that  fact  until  the  damage  is  done ; 
quality  control,  however,  observes 
the  condition  and  reports  to  factory 
engineers  who  take  steps  to  rectify 
the  trouble.  Should  quality  control 
warnings  be  ignored  for  one  reason 
or  another,  shrinkage  results. 
Shrinkage  analysis,  then,  is  the 
fact-finding  procedure  which  in¬ 
forms  factory  engineering  of  the 
vital  channels  to  be  worked  on  to 
bring  variables  under  control. 

OperatioN  of  ShriRkagc  ARolysis 
D«partfR*Rt 

In  cases  where  the  shrinkage  is 
localized,  a  positive  indication  is 
available  which  points  to  an  ineffi¬ 
cient  or  improper  operation.  Let  us 
say  that  5  percent  is  the  normal 
shrinkage  expectancy  for  open  fila¬ 
ments  over  the  entire  operation.  If 
this  5  percent  loss  occurs  in  only  one 
operation,  it  is  imperative  that  fac¬ 
tory  engineers  correct  the  situation 
quickly.  Regardless  of  this  fact, 
the  point  being  made  is  that  local¬ 
ization  of  the  disturbance  to  a 
single  operational  area  is  most 
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easily  recognized  by  a  preliminary 
analysis. 

Suppose  a  poor  material  is  used. 
If  twenty  different  operations  each 
lose  0.5  percent  of  their  tubes  due 
to  open  filaments,  an  overall  fila¬ 
ment  shrinkage  of  10  percent  re¬ 
sults.  Here  the  trouble-localizing 
or  “where”  analysis  is  small,  but 
the  “what”  analysis  discloses  the 
hidden  truth. 

Once  it  has  been  ascertained 
factually  that  trouble  exists,  a  sec¬ 
ondary  analysis  must  be  performed 
in  order  to  isolate  it.  Is  it  con¬ 
fined  to  a  certain  operator  or  ma¬ 
chine  or  to  a  certain  combination 
of  operators  and  machines?  Does 
it  occur  on  any  specific  day  of  the 
week?  Does  it  occur  only  during 
or  following  certain  atmospheric 
conditions  ?  Does  it  manifest  itself 
only  on  certain  work  shifts? 

The  causes  for  shrinkage  belong 
more  properly  in  the  domain  of 
engineering,  but  often  the  shrink¬ 
age  analysis  department  can  dis¬ 
close  or  confirm  facts  concerning 
such  troubles.  Good  analysts  are 
fundamentally  curious. 


Other  Articles  on 
QUALITY  ENGINEERING 

Quality  EngiuMring  in  Tub* 
Manufacture 
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Here,  then,  is  a  method  of  opera¬ 
tion: 

1.  A  primary  or  preliminary  an¬ 
alysis  is  made  for  purposes  of  iden¬ 
tification. 

2.  A  secondary  or  detailed  analy¬ 
sis  is  made  for  purposes  of  isolation. 
Summaries  are  made  daily,  weekly, 
and  monthly  in  order  to  detect 
shrinkage  trends.  An  isolating  an¬ 
alysis  follows  any  time  that  the  sit¬ 
uation  demands  it. 

It  is  desirable  that  shrinkage 
analysis  work  be  performed  by  a 
single  specially  trained  group  rather 
than  by  individuals  from  different 
departments.  The  Shrinkage  An¬ 
alysis  Department  is  not  concerned 
so  much  with  reduction  of  shrink¬ 
age  as  it  is  with  presenting  accurate 
facts  concerning  the  condition.  This 
information  is  then  turned  over  to 
factory  engineers  whose  main  con 
cem  is  to  keep  the  factory  running 
at  high  efficiency. 

There  is  some  question  as  to 
whether  the  completely  tabular 
form  of  report  is  as  digestible  or 
as  emphatic  as.  the  same  report 
would  be  if  results  were  integrated 
into  conclusive  thoughts.  The 
analyst’s  opinions  and  conclusions 
are  important  for  several  reasons, 
namely : 

1.  The  analyst  has  time  to  draw 
a  summary.  Most  (not  all)  other 
persons  give  tabular  reports  a 
quick  reading  and  generally  do  not 
stop  to  summarize. 

2.  The  analyst’s  summary  is  ob 
jective — thus,  results  are  viewed 
impartially. 

3.  The  analyst  often  draws  upon 
the  experience  of  many  engineers 
to  make  or  confirm  his  conclusions. 

Report  value  depends  on  two 
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Shrinkag*  oaolTst  remoTss  a  dai*ctiTe  heater  from  a  cathode-  Shrinkage  analyst  usee  a  hot-wire  glass  cutter  to  open  o 

ray  tube  to  determine  why  the  tube  was  rejected  deiectiTe  cothode-roy  tube  for  inTestigation 


factors :  1.  Factual  content ;  2. 

Thorough  study  of  the  findings. 
The  first  factor  depends  on  the  effi¬ 
ciency  of  the  analyst;  the  second 
factor  depends  on  the  engineering 
personnel  of  the  sections  involved. 


Relation  to  Other  Departments 


Failure  of  production  and  engi¬ 
neering  personnel  to  utilize  the  po¬ 
tentialities  of  the  Shrinkage  Analy¬ 
sis  Department  may  be  ascribed  to 
the  natural  reticence  of  anyone  to 
bare  his  errors,  and  to  misunder¬ 
standing  concerning  the  function 
of  the  Shrinkage  Analysis  Depart¬ 
ment  in  the  general  scheme  of  fac¬ 
tory  operation.  Since  reticence 
can  be  overcome  only  when  misun¬ 
derstanding  is  clarified,  it  is  im¬ 
perative  to  discuss  the  main  prob¬ 
lem:  “What  relationship  does  the 
Shrinkage  Analysis  Department 
have  to  general  factory  activity?” 

Development  engineers  set  up 
specifications  for  making  tubes, 
and  factorj"  engineers  watch  manu¬ 
facturing  procedure  to  be  sure 
specifications  are  followed.  Natur¬ 
ally,  all  specifications  cannot  be 
followed  exactly  —  the  slight 
changes  that  are  necessary  are 
termed  variables.  The  Quality 
engineering  Department  gives  a 
dynamic  picture  of  production  by 
observing  deviation  of  the  vari¬ 
ables;  when  deviation  gets  out  of 


Top  Ti*w  of  a  cathode  that  has  been 
bombarded  with  positiTe  iou  (left)  and 
a  normal  good  cathode  (right) 


control,  shrinkage  will  then  occur. 

The  Shrinkage  Analysis  Depart¬ 
ment  examines  rejected  material  to 
reveal  the  cause  of  shrinkage.  This 
information  is  conveyed  to  factory 
engineers  and  production  person¬ 
nel,  who  use  the  additional  informa¬ 
tion  to  put  the  variables  under  con¬ 
trol.  That  is  the  reason — the  sole 
reason — for  circulating  reports. 
Departmental  activities  are  com¬ 
pletely  objective  and  are  aimed  at 
pointing  out  failure  only  for  the 
purpose  of  lighting  the  road  so 
engineering  and  production  per¬ 
sonnel  may  achieve  success. 


Technique  of  Shrinkage  Analysis 

As  an  example,  let  us  assume  that 
a  transmitting  tube  fails  because  of 
low  power  output.  The  first  step  in 
performing  a  post  mortem  is  to 
verify  the  failure  in  the  following 
manner : 

1.  The  test  set  must  be  checked 


with  good  tubes  to  show  that  it  is 
operating  properly. 

2.  The  meters  should  be  verified  ' 
to  remove  any  question  about  the 
effect  of  calibration  on  observed 
results. 

3.  If  the  tube  is  tested  as  a  power 
amplifier,  it  is  necessary  to  verify 
the  power  input  before  condemning 
the  tube  for  poor  power  output. 

These  are  some  of  the  prelimin¬ 
ary  steps  which,  though  they  seem 
quite  obvious,  are  easily  overlooked. 

Once  the  failure  has  been  veri¬ 
fied,  it  is  desirable  to  determine 
whether  low  power  output  is  due 
to  low  emission  or  to  faulty  con¬ 
struction  in  the  tube.  If  emission 
is  adequate,  the  tube  shduld  be 
checked  to  see  if  the  grid  is  prop¬ 
erly  constructed.  It  is  necessary 
also  to  verify  whether  power  out¬ 
put  is  measured  at  a  frequency  at 
which  inter-element  spacing  may 
be  at  fault.  Similarly,  filament 
construction  must  be  examined. 

If  emission  is  low,  gas  content  of 
the  tube  should  be  measured  and  it 
is  worthwhile  to  investigate  car¬ 
burization  of  the  filament.  When 
the  filament  is  over-carburized, 
emission  is  reduced  and  in  some 
cases  power  output  suffers.  This 
condition  can  be  checked  by  “flash¬ 
ing”  the  tube  at  a  temperature 
slightly  higher  than  normal;  thus, 
some  of  the  carbon  is  removed  and 
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Sample  thrinkage  onalysU  report  with  breakdown,  for  three 
typee  of  cothode-roy  tabes  boring  the  same  construction  but 
differing  in  screen  characteristics  (abore) 

Somple  shrinkage  analysis  report,  showing  detoiled  sugges¬ 
tions  for  iinprorement  in  processes  ond  inspection  (left) 
Procedure  for  performing  shrinkage  analysis  on  on  electro- 
stotic  focus  and  deflection  type  cathode-ray  tube  which  foiled 
for  low  light  output  (below) 


Verify  low  light  output 


Light  output  rx>t  low. 
determine  if  good  tube 


Light  output  low. 
lecK  heater  current 


Healer  cunent  low 
check  healer 
connection,  diameter, 
construction,  cooting 


Heater  current  high 
check  for  shorted 
turn,  diameter,  con¬ 
struction,  coating 


W!»ieeiC»r*  /t 

i^s*s  b.i^  ^ 


>■  I 1 


Light 

transmission 
normal,  check 
screen  efficiency 


Alignment  bod 


Light 

transmission 

low, 

thick  screen 


Anode  currents  low, 
check  emission 


Emission 

normal. 

check 

alignment 


Emission  low, 
check  for  gas, 
leoks,  cathode 
contamination 


Alignment  good,  check  aperture  size 


power  output  can  be  redetermined. 
If  power  output  comes  up,  the 
cause  of  failure  is  known.  Should 
power  output  fail  to  come  up,  over¬ 
carburization  is  not  at  fault. 

If  the  tube  shows  a  slight  gassy 
condition,  the  seals  and  beads 
should  be  carefully  examined  for 
wire  leaks  or  faulty  beads;  metal- 
to-glass  seals  should  be  given  spec¬ 
ial  attention.  Where  tungsten  is 


used  as  a  lead,  it  should  be  ex¬ 
amined 'for  small  fissures  through 
use  of  a  magnifying  glass  or  micro¬ 
scope.  In  some  cases  it  is  desirable 
to  use  a  fluorescent  liquid  penetrant 
which  becomes  visible  under  ultra¬ 
violet  light.* 

Where  large  volumes  of  gas  cause 
the  tube  to  be  classed  as  an  “air 
tube”,  the  failure  will  generally  be 
in  the  form  of  a  large  crack  or  fis¬ 


sure.  Frequently,  this  can  be  dis¬ 
cerned  by  eye  with  the  aid  of  a 
bright  light. 

The  above  analysis  does  not  pre¬ 
tend  to  be  as  complete  or  as  detailed 
as  might  be  desired.  It  does  offer 
two  advantages ;  it  provides  a 
simple  pattern  for  new  and  un¬ 
trained  help,  and  it  requires  prac¬ 
tically  no  expensive  or  elaborate 
test  equipment. 
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Shrinkog*  Analysis  of  Cathode-Ray 
Tubes 

As  a  second  example,  consider  a 
cathode-ray  tube  which  |;ias  been 
rejected  for  low  light  output.  Here 
again,  the  rejection  should  be  veri¬ 
fied.  One  convenient  method  uses 
several  test  sets  for  checking  the 
reject  against  a  standard  tube.  A 
standardized  test  set  is  preferred 
on  which  heater  current  and  anode 
voltages  can  be  observed.  The 
heater  current  can  act  as  an  index 
of  cathode  temperature.  By  read¬ 
ing  second  or  third  anode  currents, 
as  required,  intensity  of  the  beam 
hitting  the  screen  can  be  checked. 

If  anode  currents  are  low,  it  is 
incorrect  to  assume  that  cathode 
emission  is  reduced.  This  value 
must  be  checked  separately  with  a. 
low  positive  voltage  on  the  grid. 
Once  it  has  been  definitely  estab¬ 
lished  that  cathode  emission  is  in¬ 
adequate,  various  beads  and  wires 
should  be  examined  for  cracks  or 
failures  that  permit  entrance  of 
gas  which  destroys  the  emitting 
surface. 

When  the  tube  is  opened,  the 
cathode  should  be  examined  for  ion 
spots.  If  none  are  present,  it 
should  be  examined  for  other  types 
of  contamination  such  as  chloride 
or  oil,  which  also  reduce  emission. 

Suppose,  however,  that  emission 
is  adequate  but  second  anode  cur¬ 
rent  is  low.  In  that  case,  the  geome¬ 
try  of  the  electron  gun  should  be 
examined  for  alignment  and  con¬ 


centricity  on  the  test  set  or  by 
opening  the  tube  if  necessary ;  aper¬ 
tures  should  be  checked  for  correct 
size.  If  emission  and  second  anode 
current  are  adequate  but  light  out¬ 
put  is  low,  the  tube  should  be 
opened  to  measure  the  light  trans¬ 
mission  of  the  screen.  If  the  screen 
is  too  thick,  then  light  intensity  on 
the  face  of  the  tube  will  be  mate¬ 
rially  less  than  on  the  inner  surface 
of  the  screen.  If  light  transmis¬ 
sion  is  adequate,  the  screen  may  be 
inefficient  for  other  chemical  or 
physical  reasons. 

Basically,  the  luminescence  of  a 
phosphor  is  due  to  an  unstable 
crystalline  structure ;  this  structure 
is  disturbed  by  physical  shock. 
When  the  phosphor  comes  from  the 
oven  during  the  manufacturing 
process,  it  is  rather  lumpy.  Thus, 
it  is  necessary  to  reduce  the  diam¬ 
eter  of  particles  to  the  order  of  6 
to  50  microns  and  this  is*generally 
done  by  ball  milling.  If  ball  milling 
continues  over  an  extended  period 
of  time,  the  crystalline  structure  is 
disturbed  by  the  physical  shock. 
As  a  result,  the  phosphor  becomes 
stable  and  loses  its  basic  property 
of  luminescence. 

Impure  chemicals  used  for  sjm- 
thesizing  impair  the  efficiency  and 
color  of  the  phosphors.  These 
characteristics  may  also.be  affected 
by  improper  crystallization  tem¬ 
peratures.  Now,  all  these  things 
increase  the  amount  of  inert  or 
non-luminescent  material  present 


in  the  phosphor  and  subsequently 
in  the  screen.  Consequently,  the 
efficiency  of  the  entire  screen  is  re¬ 
duced  because  this  inert  material 
takes  up  space  which  normally 
would  be  occupied  by  luminescent 
material. 

These  are  only  a  few  of  the 
factors  which  can  cause  low  screen 
efficiency.  Nothing  has  been  said 
about  reflectivity  of  the  inner  glass 
surface  nor  about  glass  thickness 
and  bulb  processing,  which  factors 
also  affect  the  light  output  offered 
by  the  tube. 

It  is  hoped  that  the  material 
given  so  far  in  this  series  of  articles 
will  indicate  the  basic  approach  to 
these  problems.  It  is  more  import¬ 
ant  to  understand  the  approach 
than  to  understand  the  specific 
method,  because  the  latter  varies 
from  problem  to  problem — the  ap¬ 
proach  to  shrinkage  analysis  prob¬ 
lems  generally  remains  the  same. 

The  final  article  in  this  series 
will  discuss  problems  involved  in 
setting  up  a  statistical  method  of 
controlling  quality  during  manu¬ 
facture,  by  testing  scattered  sam¬ 
ples  of  tubes  and  placing  the  data 
on  special  process  control  charts 
that  show  promptly  when  produc¬ 
tion  gets  out  of  control.  The  best 
way  to  reduce  shrinkage  is  to  con¬ 
trol  the  variables  which  produce  it. 

Refebence 

(1)  Kulin.  S.  A.,  Fluorescent  Inspectloa 
of  Tungsten,  Electbo.mcs,  July  194S, 
p.  95. 


Sample  shrinkoge  analysis  report  haring  detailed  analysis  ol  factory  efficiencies 


-I-ECTRONICS  —  December  1944 


141 


T  ransmission-Line 

CONVERSION 


IN  high-frequency  power  trans¬ 
mission  it  is  frequently  neces¬ 
sary  to  use  a  balanced  two- wire 
line  over  part  of  the  system,  and  a 
coaxial  transmission  line  over  the 
remainder  of  the  distribution  sys¬ 
tem.  The  natures  of  the  generator 
output  and  the  load  input  will  dic¬ 
tate  the  particular  combination  of 
balanced  two-wire  and  coaxial 
transmission  lines  which  must  be 
used. 

At  the  juncture  of  the  two  types 
of  transmission  line  a  conversion 
transformer  is  necessary  to  main¬ 
tain  the  currents  on  the  two  types 
of  line  in  their  proper  relations. 
The  conversion  from  one  line  to 
the  other  can  be  made  ideal  only  at 
one  frequency,  but  methods  will  be 
described  which  provide  satisfac¬ 
tory  conversion  over  a  range  of 
frequencies. 

In  converting  from  a  balanced 
two-wire  transmission  line  to  a 
coaxial  line,  it  is  necessary  to  un¬ 
derstand  what  is  meant  by  equilib- 


Methods  for  joining  a  balanced  two-wire  line  to  a 
coaxial  line  are  discussed.  Conversion  transformers 
which  operate *at  a  single  frequency  or  over  a  band 
of  frequencies  are  described.  Constant  impedance 
is  possible  over  a  one-to-three  frequencv  range 


Federal  Telephone  and  Radio  Laboratorieg 
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rium  conditions  in  a  coaxial  line 
and  in  a  balanced  two-wire  shielded 
transmission  line.  The  term  un¬ 
balanced  is  often  used  for  coaxial 
feed,  but  in  this  analysis  it  will  be 
used  for  departure  from  the  nor¬ 
mal  equilibrium  conditions. 


portant  from  power  considerations 
to  maintain  the  surge  impedance 
along  the  line  constant. 


CHrrents  on  a  Two-Wiro  Line 

Balanced  two-wire  transmission 
line  consists  of  two  parallel  con¬ 
ductors  in  a  dielectric  which  may 
or  may  not  be  surrounded  sym¬ 
metrically  by  a  shield.  Since  for 
shielding  purposes  all  balanced 
transmission  lines  should  be  en¬ 
closed  in  a  shield,  a  shield  will  be 
included  in  the  discussion. 

Figure  2  shows  an  end  and  side 
section  of  a  balanced  transmission 
line.  In  the  side  section  there  are 
shown  four  currents,  /i,  /„  /„  and 
/«.  It  is  the  total  resultant  current 
on  the  inside  of  the  shield  and  /.  is 
the  total  resultant  current  on  the 
outside  of  the  shield.  In  a  per¬ 
fectly  balanced  line  h  would  be 
equal  and  opposite  to  h,  and  I, 
would  be  zero. 

If  h  is  not  equal  in  amplitude  and 
opposite  in  phase  to  It,  then  /«  will 
be  equal  and  opposite  to  the  vector 
sum  of  h  and  It.  This  is  shown  in 
Fig.  3,  where  h  and  /,  are  not  ex¬ 
actly  180  deg  out  of  phase.  Their 
sum  is  equal  to  the  unbalanced  cur¬ 
rent  Ir.  lu  behaves  as  though  it 
were  a  current  flowing  in  the  same 
direction  along  both  of  the  trans¬ 
mission  lines.  That  is,  the  two  wires 
are  acting  in  parallel  as  the  inner 
conductor  of  a  coaxial  line,  the  re¬ 
turn  current  flowing  on  the  inside 
of  the  shield.  This  return  current 
is  designated  as  !».  Again  h  is  the 


Currents  on  a  Coaxial  Lino 

A  coaxial  transmission  line  con¬ 
sists  of  a  conducting  wire  concen¬ 
trically  disposed  in  a  hollow  con¬ 
ducting  tube,  the  space  between  be¬ 
ing  filled  with  a  dielectric  which 
may  be  air.  Figure  1  shows  two 
sections  of  a  coaxial  transmission 
line.  In  the  side  section  there  are 
shown  three  currents.  A,  /„  and 
When  a  transmission  line  of  this 
type  has  a  shield  which  is  well  con¬ 
structed,  and  is  used  above  50 
megacycles,  it  can  be  assumed 
without  loss  of  generality  that  the 
shield  is  perfect.  This  does  not 
mean  that  it  is  a  perfect  conduc¬ 
tor,  but  rather  that  there  is  no 
coupling  between  the  current  7.  on 
the  inside  of  the  shield  and  the  cur¬ 
rent  lo  on  the  outside  of  the  shield. 
This  also  means  that  the  current 
It  on  the  inside  of  the  shield  must 
be  exactly  equal  and  opposite  to 
the  current  h  on  the  inner  con¬ 
ductor. 

The  problem  in  the  coaxial  line, 
as  far  as  conversion  is  concerned, 
is  to  prevent  any  coupling  between 
the  true  currents  h  and  h  and  the 
interfering  or  unbalancing  current 
It  that  might  be  induced  on  the 
outside  of  the  shield.  It  is  also  im¬ 


■Shie/ct 


FIG.  1 — Saction  of  coaxial  lino,  showing 
tho  curronts  which  con  flow 


/nnar  ' 
<conafuc/orS, 


■Shie/e/' 


FIG.  2 — Section  of  a  balanced  two-wiie 
transmission  line,  showing  the  line  and 
shield  currents  which  con  flow 


FIG.  3 — If  the  currents  of  a  two-wire  line 
are  not  equal,  on  unbalance  current  U 
flows.  In  this  case  the  inequality  of  the 
line  currents  is  in  the  nature  of  o  small 
phase  shift.  The  two  line  currents  should 
be  180  degrees  apart  for  balance 
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TRANSFORMERS 


FIG.  4 — CroM-MCtion  oi  a  singl^-irequency  convcnion  aadion.  showing  how 
the  coaxial  shield  con  be  extended  to  reduce  I,  to  zero  at  resonance 


extraneous  current  induced  on  the 
outside  of  the  shield. 

The  first  problem  encountered  in 
maintaining  the  normal  equilibrium 
conditions  in  a  balanced  transmis> 
sion  line  is  to  keep  A  equal  and  op¬ 
posite  to  I,  so  that  /•  will  be  zero; 
the  second  problem  is  to  prevent 
I,  from  coupling  into  the  transmis¬ 
sion  line  at  any  point. 

The  problem  is  to  convert  from 
a  balanced  transmission  line  to  a 
coaxial  transmission  line  by  intro¬ 
ducing  some  type  of  transmission 
line  transformer.  First,  in  order  to 
prevent  /«  from  coupling  into  the 
lines  the  outside  shields  of  both 
lines  should  be  kept  continuous  so 
that  there  can  be  no  way  in  which 
It  can  get  into  the  line.  If  this 
method  is  not  possible,  some  other 
means  must  be  used  to  prevent  7. 
from  coupling  into  the  line.  Sec¬ 
ondly,  in  order  to  maintain  h  equal 
to  It  in  the  balanced  transmission 
line,  the  impedances  from  each 
conductor  to  the  shield  must  be 
maintained  equal.  Any  difference 
in  impedance  will  cause  7,  to  differ 
from  If  Third,  the  continuity  of 
surge  impedance,  or  impedance 
matching,  should  be  maintained  as 
close  as  possible,  to  obtain  maxi¬ 
mum  power  transfer. 

Single-FrcqMcney  Transformation 

In  Fig.  4  is  shown  one  type  of 
transformer  that  can  be  used  for 
single-frequency  transformation.  A 


large  box,  an  expanded  section  of 
the  shield,  is  used.  This  box  must 
totally  enclose  the  interior  circuits 
to  avoid  coupling  between  7,  and 
the  inside  currents.  The  coaxial 
line  shield  is  extended  a  distance  of 
one  quarter  wavelength  inside  the 
box;  the  dual  line  is  brought  in  on 
the  other  side.  One  conductor  of 
the  dual  line  is  connected  to  the 
inner  conductor  of  the,  coaxial  line 
and  the  other  to  the  coaxial  shield 
extension. 

In  order  to  determine  the  equiva¬ 
lent  circuit  of  this  conversion  trans¬ 
former,  the  current  paths  have  to 
be  traced.  Current  Ii»  of  Fig.  4 
will  flow  directly  from  one  side  of 
the  balanced  two-wire  line  to  the 
inner  conductor  of  the  coaxial  line 
shown  as  7ic.  The  current  7,*  will 
flow  from  the  other  side  of  the  bal¬ 


anced  two-wire  line  and  divide  into 
two  currents.  One  will  flow  along  the 
inside  surface  of  the  coaxial  shield 
(shown  as  Itr),  and  the  other  will 
flow  around  the  outside  of  the  co¬ 
axial  shield  (shown  as  Itc).  In  or¬ 
der  to  maintain  the  normal  equilib¬ 
rium  conditions,  I»c  should  be  zero. 
This  is  true  since  he  is  always  equal 
and  opposite  to  Itc’,  thus  for  7u  to 
be  equal  and  opposite  to  ha,  I»c  must 
be  zero.  In  this  case  it  will  be  zero 
since  the  outer  side  of  the  coaxial 
shield  AD  and  the  inner  side  of  the 
box  B  form  a  coaxial  transmission 
line  which  is  shorted  at  the  end  D 
and  is  one  quarter  wavelength  long, 
resulting  in  an  extremely  high  im¬ 
pedance  between  point  A  and  the 
surface  at  B. 

The  equivalent  circuit  is  shown 
in  Fig.  5.  The  wire  representing 


I  Coaxial  line  C  T,^o-w/re  lint 


0 


u _ _ _ 

FIG.  5 — In  this  oqulTolont  circuit  oi  tho  conTorsion 
soction  shown  in  Fig.  4  tho  shield  is  represented 
by  cross-hotching 


FIG.  ft— The  addition  oi  a  solid  stub  inside  the 
conTorsion  section  improTos  the  oii-resonont 
oefion  oi  the  tronsiormer 
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sion  transformer.  This  is  the  same 
as  the  single-frequency  transformer 
(Fig.  4)  except  that  at  point  C 
where  the  inner  conductor  is  di¬ 
rectly  connected  to  one  side  of  the 
balanced  line,  a  solid  stub,  equal 
in  length  and  outside  diameter  to 
the  extended  shield,  is  connected  as 
shown.  Their  electrical  lengths  are 
equal  to  X«/4  which  would  be  one- 
quarter  wavelength  at  the  mean 
frequency  if  the  stray  capacitance 
between  A  and  C  werfe  negligible. 
Because  of  this  stray  capacitance, 
the  inner  conductor  of  the  coaxial 
line  should  be  removed  and  the 
lengths  of  shield  and  stub  so  chosen 
that  the  impedance  across  AC  is  a 
maximum  at  the  mean '  frequency 
for  which  the  unit  is  to  be,  used. 
AL  should  be  kept  as  small  as  pos¬ 
sible  since  it  is  an  extra  distance 
that  he  must  travel  to  reach  C  over 


that  which  he  must  travel  to 
reach  A. 

In  Fig.  7  is  shown  the  equivalent 
circuit  for  this  type  of  conversion 
transformer  or  balance  box.  It  can 
be  seen  that  this  is  similar  to  the 
equivalent  circuit  of  Fig.  6,  except 
that  a  reactance  CEB,  equal  to  the 
reactance  ADB,  is  inserted.  If  this 
transformer  is  detuned  from  its 
mean  frequency,  currents  /*»  and 
Itc  will  flow.  However,  because  of 
the  quarter-wave  extended  shield 
and  solid  stub  construction,  /«•  will 
equal  Iwc  in  magnitude  and  they  will 
cancel  at  B.  This  will  result  in  lu 
being  zero  and  I^m  being  equal  to 
Ita.  However,  the  transformer  in¬ 
troduces  a  reactive  component 
across  the  balanced  transmission 
line  that  will  result  in  a  mismatch. 

If  the  coaxial  line  is  matched,  its 
input  impedance  would  be  equal  to 


Solid  sh/b 


Coax/W  line 
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FIG.  7 — Th«  loop  iormod  by  the  solid  stab 
of  FI9.  6  is  shown  on  a  plane  extending 
into  the  page  in  this  equiTolent  drcult 


Ba/anceof 
f  wo- wire 
line 


FIG.  *  8 — The  lumped  constont  oguiTolent 
of  Fig.  6  shows  a  reactiTe  impedance  in 
parallel  with  the  coaxial  impedance.  It  is 
this  reactfre  impedance  which  limits  the 
frequency  bond  over  which  the  conrersion 
section  will  operate 


the  inside  of  the  shield  is  shown 
with  shading.  It  can  be  seen  here 
that  /m7  is  being  fed  into  a  shorted 
transmission  line  ADB  which,  if  it 
is  one  quarter  wavelength  long, 
will  result  in  an  infinite-  impedance 
at  AB  so  that  /«?  will  be  zero.  What¬ 
ever  impedance  is  presented  across 
AC  looking  into  the  coaxial  line  will 
be  the  load  across  the  end  of  the 
balanced  line.  Thus,  if  both  the 
coaxial  line  and  the  balanced  line 
have  the  same  surge  impedances, 
and  if  Zu  is  matched  to  the  coaxial 
line,  the  balanced  two-wire  line  will 
also  be  matched. 

The  one  bad  feature  of  this  type 
of  conversion  transformer  is  that  it 
will  give  good  balance  at  only  one 
frequency.  As  soon  as  the  fre¬ 
quency  is  shifted  so  that  ADB  is 
no  longer  a  quarter  of  a  wavelength 
long,  he  will  no  longer  be  zero,  and 
hence  ha  will  no  longer  equal  ha  and 
the  line  currents  will  no  longer  be 
balanced,  ha  will  then  no  longer 
be  zero,  but  rather  will  equal  /«?. 


50  ohms 
too  ohms 


40  I  50  60  70  80  90  100  HO  120  130 1  140  ISO 
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FIG.  9 — Theoretical  plot  ehowing  the  Toriation  in  mognitude  and  angle  of  the 
impedance  presented  to  the  balanced  two-wire  line  by  the  coaxial  line  and 
conversion  transformer  of  Fig.  6  for  conditions  given  in  the  text 


Exienoled  shield 


Wide-Bond  Conversion-Transformer 

The  next  logical  step  is  to  put  an 
impedance  from  C  to  B  that  will 
equal  the  impedance  at  AB  so  that 
even  if  the  frequency  is  shifted,  it 
will  only  introduce  a  phase  mis¬ 
match,  but  will  not  disturb  the  cur¬ 
rent  balance.  This  will  be  true  be¬ 
cause  the  voltage  at  C  is  equal  and 
opposite  to  the  voltage  at  A.  In 
Fig.  6  is  shown  a  wide-band  conver- 


Coaxia! 
line  Sc/rgre 
Tmpedance 


Inside  oEsfub 


FIG.  10 — To  decrease  the  angular  variation  in  impedance  as  seen  by  one  of  the 
lines  being  joined,  the  coaxial  line  is  extended  into  the  stub  of  Fig.  6. 


December  1944  —  ELECTRONICS 


1 

1 

1 

1 

1 

1 

1 

Zoc 

1 

-U 

1 

M 

-121 

_ 

— 

J_ 

1 

T 

1 

_L 

• 

Z,r  where  is  the  surge  imped¬ 
ance  of  the  coaxial  line.  If  the 
surge  impedance  of  the  transmis¬ 
sion  line,  composed  of  the  inside  of 
the  conversion  box  and  the  outside 
■of  the  extended  inner  conductor,  is 
ZiT  then  the  impedance  across  the 
balanced  line  is 

z  K  (2jZor  tan  0) 

Ztc  +  ^ZoT  tan  9  '  ' 

■where  9  is  the  electrical  length  AD 
which  is  equal  to  CE.  The  lumped 
constant  equivalent  circuit  is  shown 
in  Fig.  8.  0  of  course  will  vary  with 
frequency.  In  Fig.  9  is  shown  the 
impedance  characteristic  presented 
at  the  end  of  the  balanced  two- 
wire  line  in  this  type  of  trans¬ 
former  with  an  impedance  Zoc  of 
50  ohms  and  an  impedance  Z«r  of 
100  ohms.  Here  9  is  picked  to  be 
00  deg  at  the  mean  frequency  /». 

The  balance  remains  very  good  over 
the  whole  range.  For  a  three-to- 
one  range  in  frequency  the  im¬ 
pedance  will  vary  between  the 
points  noted  as  fa/2  to  3/«/2.  The 
value  of  the  phase  angle  at  these 
points  will  be  about  16  deg.  This 
calculated  curve  neglects  the  capaci¬ 
tance  between  the  edges  of  the  ex¬ 
tended  shield  and  stub.  This  capac¬ 
itance  will  increase  the  impedance 
variation  slightly. 

Phase-Skiff  Corractioa 

It  is  now  desirable  to  make  the 
conversion  transformer  wideband 
without  the  shift  in  phase.  This 
can  be  done  by  constructing  the 
transformer  as  shown  in  Fig.  10. 

The  only  difference  between  this 
transformer  and  the  transformer 
shown  in  Fig.  6  is  that  the  coaxial 
line  is  extended  into  the  solid  stub. 

This  extended  line  has  a  surge  im¬ 
pedance  of  ZoB  which  is  equal  to 

where  Zoc  is  the  coaxial  line  surge 
impedance  and  Zor  is  the  surge  im- 
I)edance  of  the  coaxial  shield  and 
box  inside  the  transformer  box. 

Thus  the  inner  conductor  of  the 
extended  line  must  be  made  large 
since  Z„  is  always  larger  than  Zoc- 
The  length  of  the  extended  shield 
is  resonant  as  a  shorted  quarter 
wavelength  at  the  mean  frequency  where  6  is  the  electrical  length  of 
fo.  If  the  capacitance  acros  AL  the  extended  line.  This  will  also  be 
were' neglected,  the  length  from  the  equal  to  the  length  of  the  stub  line 
box  to  the  break  would  be  90  deg.  inside  the  box  when  the  capacitance 
The  extended  line  is  left  open  at  the  across  AL  is  neglected.  The  coaxial 
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FIG.  12 — The  Jumped-conetont  equiralent 
circuit  ol  the  conTersion  section  shown  in 
Fig.  10  shows  how  the  addition  of  an  open 
line  in  series  with  the  coaxial  line  will 
correct  the  angular  Toriation  oi  impedance 
of  the  conversion  section 


FIG.  11; — As  this  three-dimensional  equiv¬ 
alent  circuit  shows,  the  extension  of  the 
coaxial  line  into  the  stub  is  equivalent  to 
adding  on  open  quarter-wave  line  in  series 
with  the  inner  conductor  of  the  cocodol  line 
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FIG.  13 — The  theoretical  variation  of  impedance  seen  by  the  balanced  two- 
wire  line,  when  converted  to  a  coaxial  line  by  the  transformer  of  Fig.  10. 
shows  but  slight  change  in  magnitude  and  negligible  change  in  angle  over  a 
one-to-three  change  in  frequency 


line  is  assumed  to  be  matched  so 
that  the  impedance  presented  at  GA 
is  the  surge  impedance.  Simplify¬ 
ing  Eq.  (3), 

1  —  HZobIZoc)  cotan  9 
z  =  Zoci  _  ^2obI2Zot)  cotan^  fl  - 

j(Zoc/2Zor)  cotan  9  (4) 

Substituting  the  value  of  Zos  given 
in  Eq.  (2),  Z  becomes 

„  _  _  1  —  jjZocrZZor)  cotan  9 

Z  -  Zoc  1  _  YZod'lZoT)  cotan  SP  - 

j(Zoc/2Zor)  cotan  9  (5) 

As  long  as  Zor  is  kept  large  this 
circuit  is  an  excellent  transformer. 

The  calculated  impedance  of  a 
transformer  where  Zoc  =  50  ohms, 
Z„r  =  100  ohms  and  Z««  =  12.5  ohms 
is  shown  in  Fig.  13,  where  the  ca¬ 
pacitance  across  AL  is  neglected. 

This  type  of  transformer  is  ex¬ 
cellent  for  a  transfer  from  a  sta¬ 
tionary  to  a  rotating  member.  Since 
the  coaxial  line  does  not  make  con¬ 
tact  with  anything,  it  can  be  kept 
stationary  while  the  whole  trans¬ 
former  and  balanced  two-wire  line 
rotates  around  it. 
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Loaded  Phase-Shifting 


The  loci  of  the  output  voltages  with  adjustments  of  the  phase-shifting  network  ai«foun( 
plotted  for  thyratrons  or  other  loads  across  the  output  of  the  network.  Three  of 
circuits  illustrated  sdve  phase  shifts  that  are  continuously  variable  from  zero  to  180  rlpJ 


IN  'thyratron  ccmtrcd  circuits  and 
controlled  rectifier  circuits, 
phase-shifting  networks  are  often 
required  to  change  the  phase  angle 
between  the  grid  and  anode  volt¬ 
ages.*  Figure  1  shows  such  a  net¬ 
work  which  is  frequently  used  to 
perform  the  phase  shifting.  The 
network  consists  of  two  arms.  One 
arm  is  a  mid-tapped  transformer  or 
a  single-phase,  three-wire  system, 
and  the  other  is  a  series  circuit  of 
resistance  R  and  reactance  ±iX 
(which  may  either  be  capacitive  or 
inductive).  By  varying  the  resis¬ 
tance  or  reactance,  the  phase  angle 
between  the  input  voltage  E,  and 


FIG.  1 — Typical  phai»<hUtiBg  aatwork  in 
which  th«  ▼olKig*  applied  is  Ei  and  the 
shifted  Toftage  is  R  and  X  constitute 
the  sUftlag  network.  Z.  Is  the  load  across 
the  shifted  Toltage. 


FIG.  S— When  the  load  Z.  in  Fig.  1  draws 
no  current.  E.  con  be  made  to  roterte  on  a 
semicircle  by  Torylng  the  ratio  of  R  to  X. 
If  this  ratio  Tories  from  sero  to  infinity, 
E.  rotates  through  ISO  degrees 


shown  in  Fig.  4.  The  locus  of  tk 
voltage  across  Z,  of  the  first  circu; 
is  the  semi-circle  shown  in  Fig.  1 
The  locus  of  the  voltage  across  !.. 
of  the  circuit  shown  in  Fig.  4  cs- 
be  found  quite  readily.  This  cor 
rection  voltage  represents  the  vok 
age  difference  due  to  the  lo.-it;!, 
path  Z,. 

The  locus  of  the  load  volta? 
across  Z,  of  the  actual  circuit  (Fig 
1)  can  be  obtained  by  superimpo- 
ing  the  correction  voltage  of  th 
second  circuit  on  the  voltage  I  'C 
of  the  first  circuit.  Rather  'ha 
combine  the  two  voltages  analyt; 
cally  it  will  be  simpler  to  combir 
them  vectorially.  To  the  semicirci 
of  Fig.  2  can  be  added  the  corro 
tion  voltage  of  Fig.  4  for  varioii 
types  of  loads. 

This  correction  voltage  can  ^ 


FIG.  3 — As  a  prsliminory  to  dsTolopiag 
•quiTolont  circuits.  E,  of  Fig.  1  is  broken 
into  two  equal  Toltages  E.  If  the  center 
branch  of  Fig.  1  drew  no  current,  it  would 
be  equiTolent  to  an  open  circuit  across 
which  E.i  appeared  os  shown  at  (a),  or  to 
a  circuit  in  which  there  operated  on  equal 
but  opposite  Toltage  as  at  (b) 
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found  easily  by  means  of  Ohm’s 
law.  Referring  to  Fig.  4,  the  cor- 
r^ion  voltage  is 


--(fill) 


Simplifying, 


ft  ±  j'X 


1-0 


From  Eq.  (2)  'it  can  be  seen  that 
the  correction  voltage  F*  depends 
on  Z„  :±  jX  and  on  whether  R  or 
±jX  is  varied  to  obtain  the  phase 
shift. 

Effects  of  VorioMS  Loads 

In  the  following,  the  voltage  loci 
of  a  circuit  with  ±.jX  =  —jX  (a 
capacitor) ,  R  the  variable,  and  with 
different  kinds  of  Z,  is  discussed  as 
an  example  of  the  application  of 
this  method. 

When  Z,  is  purely  resistive,  Z,  = 
R.,  and  Eq.  (2)  becomes,  for  this 
particular  case. 


ft.,  ,  ,  -ft.  (3) 

R  +  '+>X 

To  obtain  the  vector  V*,  the  terms 
of  the  denominator  of  Eq.  (3)  are 
added  vectorially  in  Fig.  5(a).  The 
variable  term  is  R,/R,  in  which  R 
varies  from  zero  to  infinity.  To  ob¬ 
tain  results  for  all  values  of  this 
term  bv  the  fewest  vector  construc¬ 
tions,  the  constant  vectors  are  plot¬ 
ted  first,  giving  the  vector  1  + 
j{R,/X).  To  this  is  added  the  vec¬ 
tor  R,/R’  The  resultant  is  propor¬ 
tional  to  the  reciprocal  of  V*.  There¬ 
fore  the  reciprocal  of  the  resultant 
is  taken  to  give  the  required  vector. 
It  should  be  remembered  that  in  tak¬ 
ing  vector  reciprocals  zero  becomes 
infinity,  and  infinity  becomes  zero; 
also  the  sign  of  the  angle  of  the 
vector  is  reversed. 

The  vector  diagrams  have  been 
oriented  so  that  the  resultant  V, 
appears  in  the  same  sense  on  the 
first  diagram  of  each  figure  as  on 
the  semicircle  diagram  of  that  fig¬ 


ure.  The  resultant  phase-shift  vec¬ 
tor  for  the  foregoing  example  is 
plotted  in  Fig.  6(b).  A  small  pair 
of  vectors  in  each  figure  indicates 
the  positive  directions  of  the  real 
and  imaginary  components.  A  zero 
indicates  the  origin  in  each  dia¬ 
gram. 

From  Fig.  5(b)  it  can  be  seen 
that  180-degree  phase  shift  cannot 
be  obtained  although  R  is  varied 
from  zero  to  infinity.  Also,  the  out¬ 
put  voltage  E,  is  not  constant.  The 
vector  E,  has  both  phase  and  ampli¬ 
tude  deviation  from  the  vector 
which  is  obtained  when  the  loading 
path  is  neglected.  This  deviation 
both  in  phase  and  amplitude  is  small 
in  the  vicinity  of  R  equal  to  zero. 

(2),  When  Z,  is  purely  inductive, 
Z.  =  jXl,  and  Eq.  (2)  becomes 


i|i+(,_^) 


The  locus  depends  upon  whether 
X,.  is  greater  than,  equal  to,  or 
smaller  than  X.  If  Xl  >  X, 


FIG.  4 — To  account  ior  tho  currant 
drown  by  Z.,  tho  Toltag.  doTolopod 
acroM  Z.  by  the  oquiTolont  voltage  E.i 
muit  be  added  Toctoriolly  to  the  Tolt- 
age  whose  locus  is  shown  in  Fig.  2 


FIG.  5 — (a)  Vector  operations  give  Yoctor  V,  which  is  the  Toltage  correction 
to  be  applied  to  E,  because  of  current  drawn  by  Z..  In  this  cose  Z,  is  a  re¬ 
sistance.  (b)  from  (a)  is  added  to  semicircle  of  Fig.  2  to  give  locus  of  E. 


F.'G.  6 — Similar  Toctor  diagram  to  Fig.  5,  but  ior  the  condition 
that  Z,  is  an  inductance  Ic^er  than  Z 


FIG.  7 — This  figure.  Fig.  6  and  8  comprise  a  series  showing 
effect  of  varying  on  inductive  Z.  relative  to  a  capacitive  Z 
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FIG.  S — In  all  Ui*  comb  ilhutrcrtnd,  X  of  Fig.  1  is  a  capacitonco. 
Tho  intornal  impodanco  of  the  driTing  Toltage  Ei  is  negloctod 


FIG.  9 — If  Z«  is  o  capadtanco.  completo  180-dogise  phost 
shift  is  posdbis,  but  thsro  is  omplitade  Toriotion 


(3)  When  Z,  is  purely  capacitive,  circle  (due  to  coil  resistance)  when 
Z,  =  —jXc,  and  there  is  no  load  between  points  C 

^  —Eel  _  —  Bel  and  D  of  Fig.  1.  If  the  internal  re¬ 

sistance  R,  is  separated  from  the 
reactance  +  jX  and  combined  with 
R,  the  locus  of  point  E  in  Fig.  11 
will  fall  on  the  original  semicircle 
If  R  and  R^  are  constant,  and  if 
the  phase  shifting  is  obtained  by 
varying  inductance,  the  voltages 
across  AD  and  DE  will  be  in  the 
ratio  of  R:  (R  +  R,).  It  can  be 
seen  that  the  diameter  of  D  is  Vu 
R/CR  -f  R.)  and  its  center  is 
Re/2  (R  +  Re)  from  C  along  AB. 

^  ^  However,  if  the  phase  shift  is  ob¬ 
tained  by  varying  R  instead  of  the 
inductance,  the  locus  of  D  will  not 
be  a  semicircle,  but  will  be  as  shown 
in  Fig.  12  since  the  ratio  R.:  R 
The  vectors  for  this  condition  are  changes  with  different  values  of  R. 
shown  in  Fig.  10. 
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where 

N~1-Xl/X 

The  locus  of  V*  and  the  resultant 
locus  of  Ee  are  shown  in  Fig.  6. 

If  X,.  =  X 


where  N 


The  loci  are  shown  in  Fig.  9. 

(4)  When  an  inductor  of  appre 
ciable  resistance  is  the  load, 

Ze  =  R,  +  jXl,  and 


The  locus  of  Vm  and  the  resultant 
locus  of  Ee  are  shown  in  Fig.  7. 
The  locus  of  E„  far  from  being  a 
semicircle,  is  a  straight  line.  That 
is,  Ee  is  shifted  90  degrees  from  Ei 
for  all  values  of  R.  Changing  R 
merely  changes  the  magnitude  of 


wherj  AT  —  1 


iMparfect  ladaefor  as  Part  of  th* 
Phase-Shift  Cireeit 


where  AT  -  1  -  Xl/X 
The  loci  for  this  condition  are 
shown  in  Fig.  8. 


If  X  in  Fig.  1  is  an  inductor  in¬ 
stead  of  a  capacitor,  the  voltage 
locus  of  D  in  Fig.  11  is  not  A.  semi- 


FIG.  10  (left) — Analysis  oi  on  inductor 
haring  internal  resistance 


FIG.  11  (lower  left) — When  X  is  an  io- 
ductance  with  internal  resistance  the 
lonu  of  Fig.  2  becomes  that  shown  here 
if  the  inductance  is  roried  to  produce 
the  phase  shift 


To  oo  ^Aen 


FIG.  12  (lower  right) — If  E  is  roried  to 
produce  the  phase  shift  in  a  drcuit  in¬ 
cluding  an  inductance  the  semicircle  of 
Fig.  2  is  modified  as  shown  below 


There  couldn't  be  so  great  o  variety  of  CINCH  ^  ^  TT 

lugs  so  widely  used  unless  we  hod  on  unusual 

understonding  of  lug  requirements.  To  moke  problems,  takes  KNOW  HOW.  It  is  Cinch’s 
millions  and  millions  and  hold  close  toler-  exceptional  ability  in  manufacturing  small  in- 
onces  and  at  the  some  time  hove  flexible  tool  tricote  metal  ports  that  always  has  and,  we 
design  so  we  can  make  quick  changes  in  con-  confidently  expect,  afways  will  play  an  import- 
struction  to  simplify  our  customers'  assembly  ant  part  in  electronic  assembly  operations. 

''First  in  the  field"  with  a  complete  line  of  Miniature  Socket  Assemblies  and  Shields 

MANUFACTURING  CORPORATION 

233S  W«st  Van  Bur*n  Slr**t,  Chicago  12,  Illinois 

Subsidiary  of  UNITEO-CARR  FASTENER  CORPORATION,  Cambridge.  Mass. 


CINCH  Fasteners  *  Miniature  Sockets 
Filler  Necks  ★  Octal  Sockets  ★  Lugs 
Terminal  Strips  tr  Metal  Stampings 
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INDUSTRIAL  CONTROL 

Hcmdie-Tcdkies  Replace  Phones  in  Plane  Plant .  ISO 

Standard  ior  Industrial  Control  Equipment .  150 

Industrial  X'Roy  of  Ammunition  in  Ordnance  Plant .  150 

A  Simple  Stroboscope  ior  Moving  Machinery .  154 

Several  Operations  ControUed  Over  One  Line .  168 

Inverted  Triode  ior  Industrial  Measurements .  176 

Handie-Talkies  Repl  ace  Phones  in  Plane  Plant 

After  a  fire  destroyed  all  telephone 
lines  and  the  administration  build¬ 
ing  of  the  Douglas  Aircraft  Com¬ 
pany  plant  in  Chicago,  Motorola 
handie-talkies,  supplied  by  the  U.  S. 

Signal  Corps,  were  used  for  com¬ 
munications  between  the  remaining 
buildings,  scattered  over  several 
miles.  Production  of  planes  was 
continued  without  interruption  and 
•for  two  and  one  half  days,  twenty- 
four  hours  per  day,  emergency  com¬ 
munications  were  maintained  be¬ 
tween  plants  and  plant  officials  with 
the  portable  units. 

Outside  telephone  communica¬ 
tions  were  provided  by  the  Douglas 
f-m  two-way  Motorola  police  radio¬ 
telephone  system.  Messages  were 
transmitted  by  radio  over  the  police 
system  to  a  Douglas  patrol  car, 
parked  in  front  of  the  Park  Ridge 
telephone  exchange  three  miles 
away,  then  relayed  over  the  regular 
telephone  wires. 

The  original  handie-talkie  was 
developed  by  Donald  Henry 


Marjori*  Monni«r.  head  of  om^rgoncT 
mouongor  sonrlco  Mtobliahod  after  a 
flro  at  Douglas  Aircraft,  rocoteod  mo» 
sagos  for  routing  oTor  a  Motorola 
portoblo  radio  tronsndttor-rocolTor 

Mitchell,  chief  engineer  of  Galvin 
Mfg.  Co.,  after  observing  army 
maneuvers  at  Camp  McCoy,  Sparta, 
Wisconsin  in  August,  1940.  Since 
the  equipment  in  use  at  that  time 
was  cumbersome  and  inefficient,  he 
attempted  design  of  a  smaller 


compact  transceiver.  After  thre« 
months  work,  he  produced  a  five, 
tube  unit  in  a  die-cast  aluminum 
box  that  weighed  only  five  pounds 
with  batteries.  In  recognition  of 
his  contribution  to  the  war  effort 
in  the  field  of  electronics,  he  re¬ 
cently  received  the  Chicago  Tribunt 
War  Workers  Award. 

Standard  for  Industrial 
Control  Equipment 

A  REVISED  American  Standard  for 
industrial  control  apparatus  in  th« 
heating,  generating,  and  general 
machinery  fields  is  available  from 
the  American  Standards  Associa¬ 
tion. 

The  new  Standard  is  a  working 
document  of  practical  information 
concerning  the  manufacture,  test, 
and  performance  of  industrial  con¬ 
trol  equipment  It  represents  stand¬ 
ardized  practice  in  the  United 
States  and  covers  industrial  motor 
control,  similar  control  used  for  in¬ 
dustrial  heating,  and  rheostats,  in¬ 
cluding  those  for  the  generator  field. 
Sections  in  the  standard  cover  resis¬ 
tors,  ratings,  specifications  for  prod¬ 
ucts,  and  performance. 

Standardization  of  industrial  con¬ 
trol  equipment  was  started  by  the 
Electric  Power  Club  in  1915.  In 
1928,  the  first  American  Standard 
for  Industrial  Power  Control  Equip¬ 
ment  was  approved;  and  the  pres¬ 
ent  standard  is  a  revision  of  that. 

The  American  Standards  for  In¬ 
dustrial  Control  Apparatus  (C19.1- 
1943)  may  be  obtained  for  50  cents 
per  copy  from  the  American  Stand¬ 
ards  Association,  29  West  39th 
Street,  New  York  18,  N.  Y. 


At  o  Douglas  hangar.  N.  Borkshiro  rsporta  ths  condition  of  a  piano  motor  with  a 
Motorola  handlo-tolkio  borrowod  from  tho  Signal  Corps 


Industrial  X*Ray  of  Ammu¬ 
nition  in  Ordnance  Plant 

The  expanded  use  of  high-power 
industrial  x-ray  equipment  in  Army 
Ordnance  plants  throughout  the 
country  as  a  successful  means  of 
more  complete  and  non-destructive 
testing  procedure  for  shells  has  led 
ordnance  officials  to  regard  the  use 
of  x-ray  equipment  as  a  highly  util¬ 
itarian  and  valuable  tool. 

When  it  became  apparent  that 
x-ray  could  do  an  unprecedented  in¬ 
spection  job  more  economically  than 
previous  methods,  three  million-volt 
industrial  x-ray  units  were  pur¬ 
chased  by  the  Ordnance  Depart- 


ISO 


December  1944  —  ELECTRONICS 


IIV  THE  MC)ST  V  ITAL 
ELECTRONIC  ASSEMBLIES 


IN  THE 

FINEST  INSTRUMENTS 


Mallory  Fixed  and  Variable  Resistors 


IN  the  host  of  electrical  and  electronic  devices  for  communications, 
industries  and  laboratories,  Mallory  Rheostats  and  Potentiometers 
are  setting  impressive  records  for  accuracy  and  dependability.  This 
Mallory  Type  "CA”  Variable  Resistor  is  a  new  member  of  that  group. 


Available  in  single  or  dual  units,  with  or  without  switch,  and  in  re¬ 
sistance  values  up  to  20,000  ohms,  it  is  designed  ft»r  use  either  as  a 
series  variable  element  (rheostat)  or  as  a  potential  divider  (potentiom¬ 
eter).  Allowable  power  dissipation  is  approximately  2  watts  with  the 
control  set  at  its  maximum  resistance  value.  For  intermediate  points  of 
rotation,  the  dissipation  in  watts  decreases — the  amount  depending  upon 
the  taper  of  the  resistor  element  and  the  rotational  setting  of  the  control. 


NEW  MAUORY  TYPE  “CA" 
VARIAUE  RESISTOR 
Inaulated  contact  arm.  Dia- 
•ipatea  2  watta.  Total  rotation, 
280°.  Effective  eiccirical  rota- 
tifMi,  270°.  Diameter,  l^iinchca. 


In  light  dimming  applications,  the  characteristic  of  the  incandescent 
lamp  filaments  must  also  be  taken  into  consideration.  W  here  this  is  a 
factor,  complete  details  should  he  submitted  for  recommendation.  In 
fact,  wherever  a  special  resistor  problem  arkses,  Mallory  engineers  are 
ready  to  give  you  prompt  assistance  and  service. 


For  standard  units  consult  your  nearest  Mallory  Distributor, 


MALLORY  TYPE  "E” 
VARIABLE  RESISTOR 
Grounded  contact  arm.  Dia- 
■ipatea  9  watta.Total  rotation. 
310^.  Effective  electrical  rota¬ 
tion,  2*19°.  Diameter,  2^  incliea. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


IFor  Boredti  Are  I'our  Pern4»nai 
invent nient  in  Victory 


to  inspect  the  shell  without  destroy¬ 
ing  it.  In  addition,  the  inspectors 
are  given  a  wider  range  of  sampling 
since  they  can  radiograph  700  shells 
of  the  155-mm  type  in  sub-lot 
samples  out  of  a  lot  of  20,000  and, 
from  the  developed  films,  obtain  a 
much  more  accurate  analysis  than 
is  possible  by  visual  inspection. 

Another  important  advantage  is 
that  if  any  defective  shells  are 
found  among  the  700  samples,  it 
isn’t  necessary  to  throw  away  the 
whole  lot.  X-ray  makes  it  possible 
to  speedily  radiograph  every  doubt¬ 
ful  shell  and  separate  the  defective 
ones  from  the  good,  thus  no  shell 
“acceptable”  under  specifications  is 
rejected.  Under  the  sectioning 
method,  the  entire  lot  of  20,000  or 
smaller  lot  represented  by  a  bad 
sectioned  cast  would  be  rejected 
because  there  was  no  accurate  way 
of  picking  out  the  good  shells.  A 
defective  shell,  found  through  x-ray, 
can  be  steamed  out  and  a  portion 
of  the  explosive  and  the  entire  cas¬ 
ing  reclaimed. 


Insid*  th«  •zposura  room,  whore  tha  ahalls  ora  x-royad  by  the  milUon-voIt  industrial 
unit.  Tha  ahalls  and  cossattas  containing  tha  film  ora  carried  into  tha  room  on  a 

motorised  ring 


ment  through  its  St.  Louis  office,  cast  when  the  shells  are  radio- 
The  first  installation,  almost  en-  graphed, 
tirely  automatic,  was*  made  in  co¬ 
operation  with  Proctor  &  Gamble  Advantages 

Defense  Corp.  and  the  Ordnance  De-  With  the  x-ray  technique,  it  is 
partment  by  engineers  of  General  possible  for  the  first  time  in  history 
Electric  X-Ray  Corp.  and  is  used 
principally  for  the  inspection  of 
156-mm  shells. 

The  unit  was  installed  at  the 
Milan  Ordnance  Center,  one  of 
the  most  efficiently  operated  plants 
in  the  country,  where  all  types  of 
ammunition,  including  anti-tank 
and  anti-aircraft  shells,  shells  for 
field  guns  and  trench  mortars,  and 
bombs  of  various  sizes  are  turned 
out.  At  this  plant,  the  most  rigid 
and  constant  inspection  is  carried 
out  all  along  the  production  line. 

Hundreds  of  different  sub-as¬ 
semblies  and  component  parts  are 
checked  before  they  are  ever  as¬ 
sembled,  and  checked  again  at 
various  points  during  the  assembly. 

The  x-ray  inspection  job  be¬ 
gins  after  the  TNT  is  poured  into 
shell  casings  at  high  tempera¬ 
ture.  In  the  cooling  process  that 
follows,  it  shrinks  the  same  as 
many  metals.  Each  operator  must 
exercise  extreme  care  in  pouring 
the  shell  or  cavitation  may  result. 

It  is  this  cavitation,  along  with  air 
bubbles  and  foreign  substances, 
that  is  easily  spotted  in  the  TNT 


Procedure 

At  the  Milan  Ordnance  Center, 
four  girls  work  in  front  of  the  big 
exposure  room  which  houses  a  mil¬ 
lion-volt  x-ray  unit.  With  the  aid 


View  of  the  motorized  ring  that  carries  155-mm  shells  into  the  adioining  room  for 
x-raying  of  TNT  cost.  The  girl  at  the  left  is  loading  shells  onto  the  ring  and  the  girl 
at  right  is  remoTing  them  os  they  emerge  from  on  aperture  in  the  concrete  wall  of 

the  exposure  room 
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to  your  new  cabinet 
models  and  actually 
increase  their  strength 


entire  mechan* 
Mm  U  fuppoitcd 
by  tbc  thin  sheet 
metal  |>aneU  of 
Lindsay  Struc* 
ture.  Makes  for 
compact  effi> 
cient  arrange¬ 
ment. 


Here  is  an  inside  picture  of  a  piece  of  equip¬ 
ment  housed  in  —  and  completely  supported 
by  Lindsay  Structure. 

Note  that  the  housing  supports  coils,  switch¬ 
es,  motors — all  the  heavy  equipment  that  goes 
into  the  unit.  No  additional  supporting  struc¬ 
ture  of  any  kind  is  required.  There  are  two 
important  advantages: 

It  saves  weight.  Ls  is  the  improved  method 
of  light  sheet  steel  construction  that  utilizes 
the  great  strength  of  light  sheet  metil.  The  re¬ 
sulting  unit  is  light,  and  yet  has  amazing 
strength  and  rigidity — there  are  no  flimsy  rat¬ 
tling  parts. 

It  saves  space  — the  second 
important  feature  of  Lindsay 
Structure.  No  space  lost  for 
superstructure.  Lindsay  Struc- 
k  ture  cabinets  are  available  in 

^  any  desired  dimension, 

r  Furthermore,  you  can  tool  up 

quickly  for  Ls  production.  No 
special  machinery,  no  delay, no 
*  *  welding,  no  riveting,  no  waste. 

Only  ordinary  tools  are  needed. 
Investigate  Ls  today.  Lindsay  and 
Lindsay,  222- D  W.  Adams  Stroot, 
ChUaga  6,  Illinois;  or  60  East  42nd 
Sirool,  Now  York  17,  Now  York; 
Lindsay  Strwctwro  (Canada)  Ltd., 
Dominion  Sqworo  Bldg.,  Montrool. 


^  NOTE,  ^ 

A  36'incii  sheet 
of  24  gauge  steel 
under  uniform 
tension  possess- 
es  greater 
strenmh  than  a 
1-incn  steel  rod. 
Ls  easily  sup¬ 
ports  heavy 
^  loads.  > 


NOTE: 

Smooth, 
trim  finish 
of  Ls  cabi- 


So  strong  and  rigid  is  Ls  that  an  I- 
Hcam.  originally  intended  for  support, 
-ictually  sagged  below  this  Ls  housing 
*'■'0  though  it  bore  the  added  weight 
of  four  men. 


Easy  to  assemble 


U.  S.  Patents  2017629, 2263510,  2263511 
U.  S.and  Foreign  Patents  and  Patents  Pending 
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unit,  which  can  handle  240  films  per 
hour,  picks  up  a  loaded  hanger 
from  the  magazine  every  30  seconds 
and  places  it  in  the  developing  so¬ 
lution.  From  this  point  on,  the 
hanger  and  film  are  automatically 
taken  through  the  developing  so¬ 
lution,  the  short  stop,  the  fixing 
solutions  and  water  rinse.  The  unit 
also  delivers  the  processed  films 
and  hangers  via  a  conveyor  to  the 
film  viewing  room,  where  a  trained 
inspector  views  the  films  on  an  il¬ 
luminator,  and  reports  immediately 
any  unusual  shell  condition  or  de¬ 
fect  which  she  notes  on  the  radio¬ 
graph. 

After  the  films  are  viewed,  only 
those  which  show  defects  in  the 
shells  or  other  conditions  on  which 
a  history  may  be  desired  at  some 
future  time,  are  permanently  filed. 
The  film  not  to  be  filed  is  immedi¬ 
ately  packed  for  salvage  sale. 

The  Milan  plant  is  operated  on 
a  24-hour-day,  six  days-a-week 
basis.  Two  other  units  were  in¬ 
stalled  at  the  Ravenna  Ordnance 
Plant,  Apco,  Ohio,  operated  by  At¬ 
las  Powder  Co.,  and  the  Iowa 
Ordnance  Plant  at  Burlington,  op¬ 
erated  by  Day  &  Zimmerman,  Inc. 
Additional  x-ray  units,  similar  in 
design  and  application,  are  on  or¬ 
der  for  use  in  several  other  am¬ 
munition  plants. 


of  an  air  hoist,  one  girl  takes  the 
155-mm  shells  from  a  truck  and 
loads  them  into  the  50  cubicles  of  a 
motorized  ring.  Each  shell  is  24 
inches  long  and  weighs  about  90 
pounds. 

Another  girl  operator  takes  a 
special  size  cassette,  previously 
loaded  with  x-ray  film,  and  places 
it  behind  each  shell  as  it  is  put  on 
the  ring.  This  operator  also  stamps 
the  shell  with  the  number  corre¬ 
sponding  to  the  lead  number  on  the 
cassette  and  records  the  shell  and 
film  numbers  so  that  pertinent  in¬ 
formation  can  be  correlated  later. 

The  shell  and  loaded  cassette  en¬ 
ter  the  exposure  room  on  the  motor¬ 
ized  ring  by  passing  through  an 
aperture  in  the  concrete  wall. 
Within  the  room,  the  x-ray  radia¬ 
tion  produces  a  radiographic  image 
of  the  shell  and  its  contents  on  the 
film.  With  one-half  of  the  ring  ex¬ 
tending  outside  the  exposure  room, 
tl^  shells  and  films  are  exposed  to 
the  x-ray  radiation  only  during  one- 
half  of  the  revolution. 

A  third  operator  then  removes 
the  cassette  after  the  shell  has 
passed  through  the  exposure  room, 
and  marks  the  shell  “x-rayed."  The 
fourth  girl,  working  with  an  air 
hoist,  removes  the  shell  from  the 
ring.  Each  girl  has  approximately 
20  seconds  for  her  respective  opera¬ 
tion. 

Since  it  takes  the  ring  18  min¬ 
utes  to  make  one  revolution  and 
there  are  50  shell  cages,  each  sepa¬ 
rated  by  a  lead  barrier,  the  shells 
are  insi>ected  at  the  rate  of  50  every 
18  minutes.  Thus  the  equipment  is 
capable  of  radiographing  3,300 
shells  every  24  hours  of  operation, 
allowing  for  down  time  and  shift 
changes. 

The  exposure  room,  which  is  ap¬ 
proximately  18  by  11  feet  and  18- 
feet  high,  is  protected  on  all  sides 
by  18  inches  of  solid  poured  con¬ 
crete.  Adjoining  on  one  side  is  the 
motor  generator  room,  completely 
enclosed,  and  on  the  other  is  a 
small  room  which  contains  all  con¬ 
trols  for  operating  the  million  volt 
x-ray  equipment. 

The  exposure  room  is  designed 
so  as  to  conform  with  the  safety 
requirements  so  necessary  because 
of  the  explosive  danger  ever  pres¬ 
ent  in  plants  of  this  type.  Opera¬ 
tors  working  outside  of  the  ex¬ 
posure  room  are  protected  against 


Radiograph  of  o  defocUTo  ISS-mm  aholl 
showing  oxcossIto  coritation  or  air 
bubbles 


any  stray  radiation  by  solid  lead 
barriers  at  the  ring’s  entrance  and 
exit. 


Automatic  Film  Processing 

After  the  cassettes  leave  the  ex¬ 
posure  room,  they  are  taken  to  the 
darkroom  nearby  where  girl  opera¬ 
tors  remove  the  x-ray  film.  By 
means  of  a  special  loading  board, 
they  fasten  two  of  the  special  size 
films  on  each  developing  hanger. 
An  overhead  conveyor  system  takes 
the  loaded  hangers  to  the  automatic 
developing  unit  where  another  op¬ 
erator  places  them  in  the  magazine 
of  this  film-processing  machine. 
Meanwhile  the  cassettes,  from 
which  the  films  had  been  removed, 
are  pushed  across  the  table  to  an¬ 
other  girl  operator,  who  reloads 
them,  changes  the  lead  numbers  on 
the  cassettes  and  sends  them  back 
to  the  exposure  position. 

The  automatic  film-processing 


A  Simple  Stroboscope  for 
Moving  Machinery 

By  Robert  C.  Paine 

The  stroboscope  is  a  very  useful 
device  for  studying  objects  in  rapid 
motion  by  making  them  apparently 
stand  still.  As  in  the  name  of  many 
modern  devices,  the  word  “stro- 


00002 


aa4  500,000 


Neon 

lamp' 


FIQ.  1 — Circuit  diagrom  of  a  timpU  itroboscope  using  a  nson  lamp  for  tb«  ilosbing 
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POWER  RHEOSTAT 


Here’s  a  power  rheostat  with  a  short  past  but  a  long 
future.  Rugged  in  construction,  light  in  weight  and 
neal  m  appearance,  it  conforms  in  every  respect  to 
Army-Navy  AN3155  specifications.  It  embraces  all 
the  features  of  WCs  well-known  PR25  and  PR50 
rheostols. 

Both  the  winding  core  and  housing,  of  this  com¬ 
pletely  sealed  unit,  are  of  aluminum  to  effect  greater 
heat  dissipation.  To  still  further  aid  this  important 
characteristic  the  housing  is  coated  with  a  special 
heat-radiating  finish  developed  by  the  IRC  Research 
Staff.  As  a  result  the  AN3155  generates  a  maximum 
temperature  rise  of  only  170°  as  against  an  allow¬ 
able  300°.  Another  feature  of  interest  is  the  fact 
that  the  AN3 1  55  can  be  operated  at  full  power  load 
in  as  low  as  25%  rotation. 

Available  in  25  or  50  watt  models  with  either 
linear  or  tapered  windings,  the  IRC  AN3155  should 
find  many  useful  post-war  applications. 

Technical  doto  and  further  information  will  be 
sent  on  request. 


ANSI  55 
50>waH 


ANSI  55 
25-waltj 
showing  lerminol 
positions 


401  N.  Broad  St.,  Philadelphia  8,  Pa. 

IRC  makes  more  types  of  resistance  units,  in  more  shapes,  for  more  applications  than  any  other  manufacturer  in  the  world. 
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CANNON 
DP'  CONNECTORS 


HERE  ARE  A  FEW  OF 


THE  DP'  CONNECTORS 
AVAILABLE  NOW— 


AND  MANY  NEW 


DESIGNS  ARE  COMING 


boscope”  is  derived  from  the  Greek, 
combining  two  words,  meaning  “to 
view”  and  “awhirling”. 

An  inexpensive  stroboscope,  us¬ 
ing  materials  commonly  found  in  a 
radio  workshop,  is  easily  con¬ 
structed.  Figure  1  shows^tha  cir¬ 
cuit  of  the  instrumenti^ft  contains 
a  conventional  power  pack  (not 
hown  in  diagram)  using  an  80-type 
tube,  and  a  relaxation  oscillator, 
using  an  884  gas  triode  to  generate 
a  saw-toothed  wave.  Tht  'ehtuit  is 


in  aoma  fidBoampcs. 

In  operation,  one  of  the  capaci¬ 
tors  C„  Ct  etc.,  charges  slowly  from 
the  B-l-  voltage,  through  the  resis¬ 
tances  A,  B,  and  E,  to  a  voltage  suf¬ 
ficiently  high  to  cause  the  884  tube 
to  conduct.  At  this  point  of  the 
cycle,  the  capacitor  discharges  very 
rapidly  through  the  tube  until  the 
tube  ceases  to  conduct,  whereupon 
the  cycle  is  repeated. 

The  frequency  of  these  oscilla¬ 
tions  depends  on  the  value  of  the 
capacitor  switched  into  the  circuit 
by  the  switch  S  and  the  charging 
resistance  controlled  by  the  rheo¬ 
stats,  A  and  B.  Rheostat  A  is  the 
coarse  control  for  setting  the  ap¬ 
proximate  frequency  and  B  is  the 
fine  control  for  setting  the  fre¬ 
quency  more  precisely  and  also  for 
shifting  the  phase.  Potentiometer 
C  is  used  when  required  for  syn¬ 
chronizing  the  oscillator  with  an  ex¬ 
ternal  control  connected  at  D;  such 
a  control  might  be  a  circuit  with  a 
mechanical  interrupter  on  a  ro¬ 
tating  machine  or  an  a-c  source 
used  to  drive  a  synchronous  motor 
or  machine  under  observation. 

A  differentiating  circuit  is  in¬ 
cluded  ii^s>jPlpa^  This  contains  a 
6K6  tube  for  converting  the  steep 
front  of  the  saw-tooth  wave  into  a 
sharp  pulse  of  voltage  for  operating 
some  form  of  gaseous  tube'^hat  de¬ 
ionizes  quickly.  The  author  tia.^ 
found  a  small  neon  lamp  service¬ 
able,  such  a^.  the  G.  E.  type  S14, 
though  other  ^'^s  of  lamps  may  be 
brighter,  if  available.  If  a  commer¬ 
cial  neon  lamp  is  used,  it  should  be 
one  which  has  no  resistance  in  its 
base.  To  increase  the  brilliancy,  the 
light  may^  be  concentrated  by  a  con¬ 
denser  lens. 

The  lamp  is  coupled  to  the  6K6 
tube  by  a  stepdown  transformer 
such  as  an  interstage  type  of  about 
'  3  to  1  ratio.  Since  the  operation  of 
the  circuit,  with  the  Dtitfh  lamp  dis- 


NEW  applications  of  the  exclusive  Can¬ 
non  Electric  *’DP’*  series  of  connectors 
have  recently  been  extended  from  rack 
equipment  in  radio  assembly  to  such  uses 
as  special  centralized  aircraft  control  on  through 
to  signal  relay  equipment 

Several  new  "DP’  connectors  of  strikingly  new 
design  will  be  released  in  1SH5— testimony  to  the 
progressive  engineering  Cannon  Electric  incor¬ 
porates  into  its  products.  Since  Cannon  Electric 
pioneered  the  aircraft  electrical  connector  in  1932, 
this  development  process  has  gone  steadily  on¬ 
ward.  Cannon  is  prepared  to  meet  the  demands 
of  postwar  electrical  equipment. 

Cannon  Type  DP  Connectors  cover  a  variety 
of  rack,  panel  and  bail-type  fittings,  carrying  from 
eight  to  135  circuits  with  amperage  range  from 
10,  15,  30  and  40  in  many  varied  arrangements, 
including  coaxial  contacts. 

All  these  and  many  other  high  quality 
electrical  connectors  are  Cannon  designed  and 
manufactured. 

For  deuiled  engineering  dau  on  Type  DP 
Connectors  refer  to  the  Cannon  DP  Bulletin. 
Write  to  Department  A- 120,  Cannon  Electric 
Development  Company,  3209  Humboldt  Street, 
Los  Angeles  31,  California. 


t  CoMMM  Ekctrk DtwIopuBt Co.,Los  Angelos 31, Calif. 


CoHodkiii  Factory  and  Enginaaring  Office: 
Cannon  Eloctric  Company,  Limited,  Toronto 
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Rauland 


Phototubes 


To  say  ’’Visitron  Phototubes,”  is  to 
say  "finest  in  the  field  of  light- 
sensitive  devices.”  Their  uniformity, 
dependability  and  high  sensitivity 
through  the  years  have  brought 
recognized  leadership  to  these 
quality  products.  •  Most 
Visitron  Phototubes  are  avail¬ 
able  in  the  vacuum  type 
where  a  high  degree  of 
constancy  and  exaa  pro¬ 
portionality  between 
light  and  current  are 
required. 

To  be  sure  . . . 
spetUy  VISITRON!  * 


Ifll 


59TA 


79A  .  .  .  d**ign*d  for 
uto  in  standard  thoatro 
prejoction  oquipmont. 


51A  .  .  .  univortally  utod  in 
portablo  16  m.  m.  townd-on-film 
proioctien  oquipmont. 

S9A  ...  a  popular  modol  utod  in 
many  makot  of  proioctort.  Tho  59TA  it  • 
tpociol  application  of  this  tubo,  having 
a  high  dark  rotittanco. 


RAOlO  •  RADAR  •  SODND  * 


fiAuldJui 


iCOMMUNICATIONS  •  TUSVISlOH 


Electroneering  is  our  business 
THE  RAULAND  CORPORATION  •  CHICAGO  41,  ILLINOIS 

Buy  War  Bonds  and  Stamps!  Rauland  employees  are  still  investing  10%  of  their  salaries  in  War  Bonds 
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CRYSTAL  RESEARCH  LABORATORIES 


TWENTY-NINE  ALLYN  STREET,  HARTFORD,  CONNECTICUT 


connected,  generates  a  high  voltage 
across  the  transformer,  it  is  d  §b. 
aMa  ■to  protect^it  by  a  small  spark 
gap  F.  In  an  estperimental  model, 
a  screw-type  mica  tHi^er  was 
used  for  this  gap,  t^e  jinica  being 
removed  at  one  corii^  ahd  the  screw 
being  used  to  adjust  the  gap. 

Electronic  Tachometer 


*h*M  a  hig  job.  Chief. 
And  our  Lab**  Jammed. 
Any^tuggeedonf?'^ 


'Let*»  call  in  Cryttalab. 


The  stroboscope  can  be  used  as  an 
electronic  tachometer  for  measur¬ 
ing  cyclic  frequency,  as  rotating  or 
reciprocating  speed.  For  this  pur¬ 
pose,  the  controls,  S,  A,  and  B,  of 
the  884-tube  oscillator  circuit  can 
be  provided  with  dials  and  cali- 
in  frequencjv^  The  calibra¬ 
tion  can  be  made  with'  the  aid  of  an 
oscilloscope,  using  Lissajou  pat¬ 
terns  against  a  60-cycle  power  line  I 
or  other  standard  frequency,  or  by 
a  method  shown  later.  As  the  re¬ 
laxation  oscillator  is  rather  unsta¬ 
ble,  such  calibrations  cannot  be  re¬ 
lied  upon  for  great  accuracy.  For 
greater  accuracy  and  stability,  this 
stroboscope  can  be  synchronized 
with  an  audio  oscillator,  using  the 
potentiometer  C.  In  the  strobo¬ 
scope  constructed  by  the  author,  the 
ranges  of  the  controls  were  approx¬ 
imately  as  follows: 

SwHek  position  Camcity  in  fit  Frsquoncy  {n  CPS 

1  0.2S  15-30 

2  0.1  30-M 

3  0.007  50-120 

4  0.03  120-240 

5  0.0140  in-400 

I  0.01  300-500 

7  0.0040  550-1400 

The  stroboscope  may  be  used  to 
observe  rotating  or  moving  machin¬ 
ery.  This  is  illustrated  by  consider¬ 
ing  a  disk  with  a  single  spoke 
painted  on  it.  When  the  frequency 
of  the  stroboscope  flashes  in  cycles 
per  second  equals  the  rotation  speed 
of  the  disk  in  revolutions  per  sec¬ 
ond,  the  single  spoke  appears  con¬ 
stantly  in  one  position,  as  in  Fig- 
2(a),  and  the  disk  appears  to  stand 
still.  When  the  flashes  occur  at  a 
rate  of  3/2  of  the  disk  speed,  3 
spokes  appear,  or  the  same  spoke  is 
“stopped”  in  three  different  posi¬ 
tions,  as  in  Fig.  2(b).  This  is  be¬ 
cause  the  disk  turns  only  2/3  of  a 
revolution  between  the  flashes  of  il¬ 
lumination  and  the  spoke  appears  in 
position  1,  then  in  2,  and  finally  Z, 
etc.  The  single  spoke  appears  to  the 
observer  simulcaneously  in  different 
position.s  due  to  the  persistence  of 
vision. 

In  Fig.  2(c),  the  spoke  appears  in 


“LET’S  CALL  IN  CRYSTALAB”  is  a  suggestion  which  has 
broken  many  a  bottleneck  for  electronic  manufacturers,  solved 
many  a  problem,  large  and  small. 

Whether  the  need  has  been  for  supply  of  crystals  in  quantity  to 
most  rigid  specifications,  or  finding  the  “bugs”  in  a  new  circuit, 
Crystalab  has  worked  effectively  with  hard-pressed  manufacturers. 

There  are  good  reasons  for  this  fact.  Since  the  beginning  of  war 
production,  Crystalab  engineers  and  technicians  have  been  meeting 
U.  S.  Government  specifications.  Crystalab  testing  equipment  is 
unsurpassed  in  the  industry.  The  finest  instruments  available  have 
been  purchased.  And  many  instruments  to  meet  specialized  needs 
have  been  designed,  built  and  are  in  use  by  Crystalab  Engineers. 

Whether  your  need  is  crystal  supply,  in  quantities  from  one  on 
up  —  or  help  in  the  solution  of  specialized  problems,  Crystalab 
experience  in  electronic  research,  design  and  manufacture  can  serve 
you  well.  There’s  an  excellent  possibility  that  you’ll  find  the  answer 
to  some  current  or  postwar -planning  problem  in  the  words  .  .  . 
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FASTENINGS  PLANNED  NOW 
MAY  MAKE  POSSIBLE  THAT 
FAST  ASSEMBLY  JOB 


‘Cold-forging’’—  proof  #26 . . .  more  each  month 


ScoviLL  Manufacturing  Company 

Division 


Waterville 


TE1_.  Waterbury  3-3151 


WATERVILLE  48,  CONN 


3  Standard  Fastenings 
for  Production  Efficiency 


Early  clarification  of  your  plans  for  fastenings  can  well  be  the 
difference  between  a  fast  and  precise  assembly  job  and  one 
involving  costly  delays.  Avoid  headaches  by  planning  early — 
in  the  products  design  stage — the  fastenings  required  to  ipeet 
your  specific  needs.  Your  choice — standard  or  special  design 
—  is  vital  not  only  to  fast  assembly,  but  to  "making**  your 
product.  No  product  can  be  better  than  its  fastenings. 

One  of  our  jobs  at  Scovill,  as  fastenings  specialists,  is  to 
help  you  select  the  best  modern  fastening  for  your  specific 
need — a  featured  standard  fastening  or  a  part  requiring  our 
ingenuity  in  special  design.  And  our  skill,  illustrated  in  the 
specially  designed  cold-forged  item  above,  makes  possible 
delivery  at  a  subtantial  saving  in  money — materials — motions. 
% 

Avail  yourself  now  of  Scovill  ingenuity  in  standeurd  or 
special  design  and  cold-forging.  Profit  by  calling  a  Scovill 
Fastenings  Expert  to  assist  you  in  your  selection.  Call  today. 


1  Phillips  Recssssd  Head 
Screws — The  modem,  ef¬ 
fective,  time-saving  fastening 
device  proven  in  tens  of  thou¬ 
sands  of  assembly  lines.  Other 
standard  head  s^les  are  also 
available. 


2  Self-Tapping  Machine 
Screws  —  Eliminate  sep¬ 
arate  tapping  operations  for 
fastenings  to  castings,  heavy 
gauge  sheet  metal,  and  plas¬ 
tics.  Also  available  with 
Phillips  Recessed  Head. 


3  Washer -Screw  Assem¬ 
blies — When  use  of  lock 
washers  is  indicated,  the  time¬ 
saving  of  pre- assemblies  is 
obvious.  Also  available  in 
standard  slotted  head  styles. 


NEW  YORK,  Chiysiw  MMn  •  DETROIT.  714  Flsbtr  Biildini  •  CHICAGO.  135  Sooth  LaSallo  Straot  .  PHILAOaPHIA.  II W.  ChiltN  Amoo  Boldhii 
PITTSBURGH.  2112  W.  Ilbwly  Aft.  •  SYRACUSE.  Syracost •  Knoper  huoraoct  BUf.  •  LOS  ANGELES,  2127  S.  Soto  St .  SAM  FRANCISCO,  434  Browao  St 
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To  bring  out  the  best  in  those  new  designs,  you 
may  need  a  fastener  that  has  yet  to  be  invented 
...  a  fastener  that  enables  your  product  to  do  a 
better  job. 

Millions  of  Comloc  quick-acting  fasteners  serve 
the  aircraft  industry  on  all  fronts.  Camloc  designs 
fasteners  to  fit  precise  needs,  and  the  accumu¬ 
lated  knowledge*  and  valuable  experience  that 
solved  aircraft’s  fastener  problems  Is  at  your 
service. 

Whether  you  plan  to  make  radios  or  vacuum 
cleaners,  automobiles  or  washing  machines,  you’ll 
find  Camloc  has  much  to  offer. 


O  Camloc  Foitener  Corp.> 

420  LEXINGTON  AVENUE,  N  E  W  Y  O  R  K  1  7,  N.  Y. 


FIG.  2 — Appearance  of  patterns  of  a 
sin^e  spoke  painted  on  o  rotating  disk 
when  illuminated  by  a  stroboscope 
lamp  at  the  indicated  frequency  ratios 

two  positions,  as  two  flashes  occur 
for  each  revolution.  In  Fig.  2(d), 
the  frequency  of  flashes  is  slower 
than  the  speed  of  the  disk  and  the 
spoke  appears  in  three  different  po¬ 
sitions  again  as  the  disk  revolves 
li  revolutions  between  flashes.  In 
Fig.  2(e),  the  spokes  appear  in  two 
positions  as  the  disk  revolves  li 
revolutions  between  flashes. 

Relative  Brightness 

Many  other  patterns  of  spokes 
appear  at  different  flash  frequen¬ 
cies.  The  spokes  of  these  patterns 
vary  in  brightness  directly  as  the 
number  of  times  each  spoke  position 
is  illuminated  per  second.  To  cal¬ 
culate  relative  brightness,  let  the 
apparent  number  of  spokes  seen  be 
represented  by  S,  the  revolutions 
per  arbitrary  unit  of  time  be  repre¬ 
sented  by  unity,  the  lamp  flashes 
per  unit  of  time  by  L,  and  the  revo¬ 
lutions  of  the  disk  between  reap¬ 
pearances  of  the  spoke  at  a  given 
position  by  R.  Then  stationary  pat¬ 
terns  of  spokes  appear  whenever  the 
ratio  S/R  =  L  is  formed  by  any 
integral  numbers.  However,  these 
patterns  are  so  dim  as  to  be  hardly 
noticeable  except  for  those  repre¬ 
sented  by  the  ratio  of  low  numbers 
as  given  in  the  S/R  column  of  the 
table  in  Fig.  3.  The  relative  bright¬ 
ness  of  the  spoke  patterns  equals 
1/R  =  L/S.  For  example,  in  Fig.  2 
the  relative  brightness  of  patterns 
is  as  follows:  A  —  (1/1)  =  1,  B  - 
(1.5/3)  =  0.5,  C  -  (2/2)  =1,D- 
(i/3)  =  0.25,  E  -  2/S)  =  0.33. 

For  use  with  the  stroboscope,  it 
is  convenient  to  have  a  table  of  pos¬ 
sible  patterns  and  their  relative 
brightness  as  shown  in  Fig.  3.  In 
this  table  six  degrees  of  brightness 
from  1  to  0.167  are  given  (other 
dimmer  patterns  are  possible  but 
are  not  given  in  this  table) .  For  a 
brightness  of  1,  B  =  1  and  each  po¬ 
sition  of  the  spoke  is  illuminated 
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RADIO  CORPORATIOOX  AMERICA 


Main  units  of  the  RCA  Television  Field  Rickup 
Equipment.  The  two  units  at  the  left  ore  "camera 
control"  units.  They  provide  monitoring  of  pictures 
picked  up 'by  each  individual  camera.  At  the 
right  is  the  "master”  ntonitoring  and  switching 
unit.  Push-buttons  allow  operator  to  select,  for 
transmission,  the  camera  pickup  desired. 


RCA  Portable  Television  Camera  (below)  which  made 
outside  pickups  practical.  Uses  "Orthicon"  pickup  tube 
(an  exclusive  RCA  development)  which,  because  of 
its  much  higher  sensitivity,  makes  possible  operation 
with  far  less  light  than  with  other  types  of  pickup  tubes. 


Boxing,  basketball,  radio,  ice  follies,  circus — enjoytHl  at 
ease  in  your  living  room.  In  the  New  York  area  it  has 
been  a  fact  for  the  past  year!  Not  just  as^an  occasional  ex¬ 
periment,  but  r^ularly,  on  a  weekly  schedule.  , 

These  broadcasts  are  picked  up  at  Madison  Square  Garden 
by  NBC,  using  RCA's  standard  Television  Field  Pickup  Equip¬ 
ment,  and  are  put  on  the  air  through  NBC’s  Television 
Station  WNBT.  Some  idea  of  the  advanced  design  of  this 
equipment  and  the  ease  with  which  it  is  used  can  be  gained 
from  a  study  of  the  accompanying  illustrations.  Not  so 
obvious,  but  equally  important  is  the  experience  behind 
this  design.  Before  the  \sar  RCA  built  apparatus  of  this 
type  for  NBC,  CBS,  Don  Lee  and  others.  After  the  war  RCA 
will  introduce  still  further  improvements — based  on  actual 
experience  in  building  commercial-type  telecision  equipment. 


BUY  MORE 
WAR  BONDS 


25  Years  of  Progress  in  Radio 
and  Electronics 


tWfv*  BrightiMM  (-  1/A) 

1.  OJ  0.33  a2S  0.2  0.117 

pttttm  teen 


FIG.  3 — Table  of  possible  patterns  of 
apparent  number  of  spokes  on  a  ro¬ 
tating  disk  boring  only  one  actual 
spoke,  at  rarious  flash  frequencies  of 
lamp  L.  and  relotire  pottem  bright¬ 
ness.  l/H,  where  R  is  the  number  oi 
rerolutions  of  disk  between  appear¬ 
ances  of  the  spoke  at  the  same  relotire 
position 

once  for  each  revolution  of  the  disk ; 
for  a  brightness  of  0.167,  =  6 

and  each  position  of  the  spoke  is  il¬ 
luminated  only  once  in  six  revolu¬ 
tions.  Corresponding  to  each  de¬ 
gree  of  brightness  in  the  table  is 
the  number  of  spokes  seen  in  the 
patterns  at  that  brightness  and  on 
the  same  horizontal  line  is  the  ratio 
of  flashes  to  revolutions,  L,  and  S/R, 
the  ratio  of  spokes  seen  to  the  revo¬ 
lutions  between  recurrence,  in  small 
integral  numbers.  For  example, 
when  the  rate  of  flashes  is  1.23 
times  the  revolutions,  L  =  1.25, 
S/R  =  5/4  and  five  spokes  will  ap¬ 
pear  at  a  relative  brightness  of 
0.25.  Of  interest  is  the  symmetri¬ 
cal  pattern  which  the  figures  form 
when  laid  out  in  this  table. 

Measuring  Rotation  Speed 
This  table  can  be  used  in  deter¬ 
mining  the  speed  of  revolution  of  a 
machine  when  it  is  not  even  known 
approximately.  For  example,  when 
only  one  spoke  is  seen,  the  fre¬ 
quency  per  second  at  which  the  lamp 
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WARNING 


TO  FIRST-TIME 
USERS  .  .  .  . 


DON’T  LOOK  FOR  A 
JACK-OF-ALL-TRADES 
IN  ELECTRONIC 
HEATING  MACHINES 


^  LECTRONIC  HEATING  is  rapidly  outmoding  many  ^ 

industrial  heating  processes  because  of  its  numerous 
advantages,  recognized  and  acknowledged  by  all  lead- 
ing  industries.  ^ 

It  is,  however,  important  to  realize  that  the  maximum  time- 
cmd-money-saving  advcmtages  of  the  process  can  only  be 
realized  by  using  it  cx)Trectly  in  every  application.  Each  heat¬ 
ing  process  recpiires  a  definite  FREQUENCY  and  POWER 
combination.  *  • 

To  use  cmy  combination  of  frequency  cmd  power  other  them 
the  one  ideally  adjusted  to  the  prcx:ess  implies  a  waste  of  power 
and  the  use  of  a  "misfit"  size  machine. 

No  electronic  heater  has  ever  been  built  that  cem  provide  a 
large  enough  variety  of  frequency  and  power  combinations 
to  permit  economical  application  to  more  than  one  type  of 
heating  operation. 

For  23  years  we  have  pioneered  cmd  specialized  in  electronic 
heating.  As  recognized  experts  we  urge  all  first-time  users  to 
consult  our  engineers  cmd  to  investigate  the  memy  advcmtages 
of  our  (x>mplete  variety  of  units  before  buying.  Write  to  us 
for  detailed  information.  K 


Owr  aquipnwnt  offers  you  o  sofoction  of  froquondos  up  to  300  mogocydos — 
ond  the  following  power  range,  with  stoploss  control  from  zero  to  full  load: 
S,  S,  7Va,  10, 12V>,  15,  18,  25,  40  and  100  Kw. 


DIVISION  OF  "S"  CORRUGATED  QUENCHED  GAP  COMPANY 

119  MONROE  STREET  GARFIELD,  NEW  JERSEY 


Manufacturers  of  Vacuum  Tube 
and  Spark  Gap  Converters 

Smee  1^21 
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CONCORD 


NONE  BETTER  IN  AMERICA  FOR  RADIO  AND 
ELECTRONIC  PARTS  AND  EQUIPMENT 


rnppi  Special  Supplement!  “Hard-to-Find  Radio 
’  3n(j  Electronic  Parts  and  Equipment" 

Sixteen  ooges,  jammed  to  the  marglnj  with  juch  items  as 
condensers,  wire,  switches,  volume  controls,  relays,  resist¬ 
ors  test  accessories  speakers,  etc.  There's  not  another 
listing  like  it  anywhere  else  in  the  country  today!  All 
items  are  on  the  "high  requirement"  list  .  .  al'  first 
quollty  ...  all  exceptional  values  and  all  availab  e  for 
immediate  shipment! 


CONCORD  RADIO  CORPORATION 


265  Peochiree  St  ,  ATLANTA  3.  ga 


is  flashing  may  be  equal  to  the 
revolutions  per  second  or  it  may  be 
only  0.6,  0.33,  or  0.26  of  this  value 
(or  even  less,  although  such  pat¬ 
terns  will  be  quite  dim).  If  the 
lamp  frequency  is  equal  to  the  revo¬ 
lutions,  the  pattern  will  be  quite 
bright  and  an  increase  of  flash  fre¬ 
quency  will  cause  dim  patterns  to 
appear  consecutively  in  gradually 
increasing  brightness  of  7,  6,  6,  4, 
then  a  dim  pattern  of  7  followed  by 
a  bright  pattern  of  3  at  a  fre¬ 
quency  ratio  of  1.6  to  1.  However, 
if  the  lamp  frequency  is  half  of  the 
machine  frequency,  an  increase  of 
frequency  will  produce  a  dimmer 
pattern  of  3  spokes  then  a  brighter 
one  of  2,  followed  by  consecutively 
dimmer  patterns  of  3,  4,  and  6  in 
the  order  given.  Thus  the  sequence 
of  patterns  can  be  used  to  fix  the 
ratio  of  flash  frequency  to  revolu¬ 
tions  of  an  observed  machine  for 
any  ratio,  by  the  use  of  this  table. 

The  same  principle  can  be  used  in 
calibrating  the  frequency  of  lamp 
flashes  against  a  disk  driven  at  a 
known  speed  of  revolution,  as  by  a 
synchronous  motor.  For  example, 
when,  on  the  disk  revolving  at  60 
rps,  one  bright  spoke  appears,  the 
flashes  are  at  a  rate  of  60  cps.  As 
the  flash  frequency  is  reduced  a  dim 
pattern  of  6  appears,  at  a  fre¬ 
quency  of  0.83  times  60,  or  60  cps. 
It  is  followed  by  a  brighter  pattern 
of  4,  indicating  a  frequency  of  0.8 
of  60  or  48  cps  and  so  on. 


Sure!  Swift!  Satisfactory!  Thzt’a  d^^tHjjgPaOSoirtBfd  Radio  Corpora- 
don’s  service.  Twenty-two  fiars  of  die  goods'’  have  made  us 

.a  top  supplier  of  radio  and  electronic  merchandise  to  industry,  govern¬ 
ment  and  the  trade.  Two  strategically  located  "supply  bases” — ^^CHICAGO 
and  ATLANTA— are  as  close  to  you  as  a  letter,  a  telephone  call,  a  telegram, 
or  a  message  on  the  teletype.  Here  is  what  Gmcord  can  oflfer  you: 


#  The  finest  merchandise  from  the  best 
manufacturers 

#  Large  and  complete  stocks  of  compo¬ 
nents  and  equipment 

#  A  seasoned  selling  saff.  of  radio  and 
electronic  experts 

#  Consultant  radio  technicians  and  engi¬ 
neers 

#  Same-day  shipment,  wherever  humanly 
possible 

#  Super-speed  "special  service"  for  mili¬ 
tary  and  indmtrial  needs 

#  Special  radio  training  kits  for  radio 
schools 


Mlcrs-Switch,  Type 
Z.  a.P.S.T.  NM-aally 
cl*M«.  Aer*  •  Svltek. 
tiailar  to  eken  bat 
aarMblly  aaaa. 

Yaar  Caat, 


Se.veral  Opeiiations 
Controlled  Oy.er  One  Line 

To  CONTROL  a  number  of  operations 
in  ,a  variable  sequence  from  a  re¬ 
mote  location,  a  number  of  control 
frequencies  may  be  impressed  on 
one  pair  of  wires  or  radio  carrier 
waves  used  as  the  control  medium. 
This  requires  that  selective  control 
devices  be  used  that  possess  fine 
sensitivity  with  critical  response 
and  high  stability  over  a  wide  range 
of  ambient  temperature  and  pres¬ 
sure  conditions. 

The  torsional-type  frequency-se¬ 
lective  relay  has  been  developed  to 
fulfill  this  specific  requirement.  The 
required  number  of  relays  are  con¬ 
nected  in  parallel  across  the  con¬ 
trolling  circuit.  The  contacts  of  the 
torsional  relay  are  normally  open 
and  each  relay  is  adjusted  to  a  dif¬ 
ferent  resonant  frequency.  When 


CONCORD  RADIO  CORPORATION 
901  W.  Jackwo  BM.,  Chicago  7.  HI..  Dept.  Na  0-1S4 
Pkaac  rush  me  the  new  l^iiagc  “Special  Supplcnietit"  bf  Cbacotd 
Radio  Corporatioa. 
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Federal  Telephone  and  Radio  Corporation 


Reliable  aerial  navigadon  depends  upon  absolute 
accuraey  of  aircraft  instruments. 

Constant  testing  of  these  instruments  under  flight  conditions 
...  in  the  air  or  on  the  ground  ...  is  possible  with 
Federal^s  regulated-voltage  power  supply. 

Designed  to  replace  unwieldy  storage  batteries  normally 
used  for  this  purpose,  this  light-weight  Federal  power 
supply  converts  11 5- volt  alternating  current  into  a  closely-  ' 
regulated,  filtered  direct  current  for  the  accurate  tesdng 
of  electrical  instruments  and  other  aircraft  accessories. 

This  is  only  one  of  the  many  types  of  all-purpose  power 
supply  units  powered  by  Federal  Selenium  Rectifiers 
. . .  another  example  of  Federal  design  and  manufacturing 
leadership  . . .  and  another  good  reason  why  you 
should  consult  Federal  first. 
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Circuit  by  which  three  a-c  frequencies 
may  be  transmitted  orer  a  single  pair 
of  wires  to  perform  three  control  op¬ 
erations.  An  auxiliary  d-c  relay  is 
shown  for  constant  contact  in  operation 
No.  3 

plitude  of  the  oscillation  equals  or 
exceeds  90  deg  and  is  approximately 
equiangular  45  deg  from  the  static 
position.  As  contact  is  periodic  at 
the  resonant  frequency  of  the  relay 
instead  of  continuous,  it  is  neces¬ 
sary  to  use  an  auxiliary  d-c  relay 
of  the  slow-releasing  (slug)  type, 
or  a  d-c  relay  having  a  capacitor 
across  its  winding  and  a  current 
limiting  resistor  in  series  with  the 
torsional  relay  contacts  to  control 


Exceptionally  light  and  compact,  it  is  ideally  suited  to 
the  needs  of  sales  training  and  industrial  schools,  teachers 
«>f  speech,  music  and  dramatics,  as  well  as  professionals 
who  require  an  instrument  that  can  be  carrit'd  easily  and 
set  up  for  operation  in  a  few  minutes’  time. 


TURNER  Microphones  are  standard  equipment 
with  Presto  Model  Recorders 


TURNER  Applications  in  electronic  communi¬ 
cations  give  outstanding  performance  on  every 
front.  On  land,  on  sea  and  in  the  air.  In  war  and 
in  peace.  Turner  Microphones  deliver  crystal 
clear  reproduction  under  all  climatic  and  acoustic 
conditions. 

All  erystalt  lieenteJ  under  palenlt  of  the  Bru$h  Development  Co. 


■T 


^I^he  Presto  Model  “K”  is  an  unusual  electronic  device! 

It  is  a  portable  sound  recorder,  record  player,  and 
public  address  system  complete  in  one  Carrying  case. 


current  pulses  of  constant  ampli- 
tude  and  frequency  are  impressed 
upon  the  system,  only  that  relay  will 
respond  which  is  adjusted  to  the 
corresponding  frequency.  In  prac¬ 
tice,  the  constant  frequency  at  the 
control  point  is  obtained  from  con¬ 
tactors  which  are  operated  by  syn¬ 
chronously  driven  cams,  any  set  of 
which  may  be  placed  into  operation 
by  means  of  a  selector  switch  carry- 
ing  the  requisite  number  of  posi¬ 
tions.  When  employing  radio  re¬ 
mote  control,  a  similar  constant  fre¬ 
quency  generating  device  may  be 
used  either  to  interrupt  or  modulate 
the  radio  carrier  wave. 

As  shown  in  the  diagram,  the  two 
halves  of  the  relay  coil  windings  are 
wired  in  series  across  the  controll¬ 
ing  or  input  circuit.  The  oscillating 
member  consists  of  a  pair  of  astati- 
cally  balanced  magnets  suspended 
on  the  main  shaft.  This  shaft  is 
counterweighted  and  oscillates 
against  the  spiral-type  torsional 
spring  at  its  adjusted  frequency 
when  current  impulses  at  the  cor¬ 
responding  frequency  are  impressed 
upon  the  relay  winding. 

An  eccentric  on  the  oscillating 
shaft  allows  a  pair  of  50-ma  capac¬ 
ity  contacts  to-  close  when  the  am- 


ControHing  or  fnpuf  circuit 


Operotlon  Operotion  Operafion 
No.l  No.2  Na3 
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uadar  — fw  eomBBow  of 
11^^  humidity  and  currant  load.  Liiw- 
O/  rUh  Hlas  tUn  azmogh  foe  hairlika 
kI  eoppar  .vite  protect  apainat  ebrro- 
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a  Opan  circuit  eapaoally  ra- 
quira  axtra  protection  against  rtacs' 
trolysU  aasodalad  arith  moistura 
and  laalcaga  of  cumot  through  in¬ 
sulation.  Here  Lamarllh  is  ideal. 


il  today.  Celanese  Celluloid  Corporation,  a  division  of 
Ceianese  Corporation  of  America,  180  Madison  Ave¬ 
nue,  New  York  16,  N.  Y. 

Celanese  yarns  and  fabrics  with  the  same  basic  elec¬ 
trical  characteristics  as  Lumarith  are  especially  manu¬ 
factured  for  the  electrical  industry.  For  data,  address 
Celanese  Corporation  of  America,  180  Madison  Ave¬ 
nue,  New  York  16,  N.  Y. 


The  best  protection  against  electro-chemical  corro¬ 
sion  is  insulation  that  does  not  in  itself  promote  de¬ 
composition  when  subjected  to  unfavorable  conditions. 

In  electrical  applications  Lumarith  is  outstanding 
for  chemical  inertness.  It  does  not  combine  with  mois¬ 
ture  to  form  free  acids,  nor  is  it  subject  to  failure 
through  oxidation.  Even  in  direct  current  applications 
it  protects  against  the  usual  sources  of  corrosion. 

You  can  depend  on  Lumarith  for  high  dielectric  and 
tensile  strength  and  freedom  from  cracking.  It  stands 
up  imder  abrasion  hazards  while  retaining  necessary 
flexibility. 

Supplied  in  films,  sheets,  rods,  tubes  and  molding 
materials.  Films  available  plain  or  in  special  mat  finish 
for  easier  winding,  reducing  slippage  and  increasing 
visibility.  "Lumarith  for  the  Electrical  Industry"  is  a 
reference  booklet  you'll  want  to  keep  handy.  Send  for 

•Rnr-  u.s.  rat.  oir. 
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ONICS 


Try  an  Eldorado  pencil  at  your  drafting  board!  The  proof 
is  in  the  using — and  an  Eldorado  gives  you  superlative 
proof  of 

uniform,  accurate  grading 
smooth  responsiveness 
strength  under  pressure 
flawless,  opaque  lines 

If  you  are  not  using  an  Eldorado — make  the  ac¬ 
quaintance  of  America’s  finest  drawing  pencil.  Send  for 
a  Comparison  Sample  by  filling  out  and  mailing  the 
coupon  below. 


With  the  pencil,  we’ll  also  send  a  complimentary  copy 
of  ''1  Shall  Arise" — a  portfolio  of  Typhonite  Eldorado 
pencil  reproductions  by  Samuel  Chamberlain,  The  sub¬ 
jects  are  buildings  of  artistic  and  historical  importance 
bombed  by  the  Nazi  Luftwaffe  early  in  the  war.  The 
portfolio  is  most  appropriate  at  this  time  as  a  magnifi¬ 
cent  memento  of  the  culture  and  the  courage  of  the 
countries  now  rising  again  as  the  Allied  Nations  liberate 
them,  one  by  one. 


TYPHONITE 


ELDORADO 


Pencil  Sales  Department  59-J  12 
JOSEPH  DIXON  CRUCIBLE  CO.,  JERSEY  CITY  3,  N.  J. 


Gentlemen : 

Please  send  me  a  Comparison 
Sample  of  Typhonite  Eldorado 
drawing  pencil  in  ... .  degree. 
Also  the  Portfolio  of  drawrings, 
"I  Shall  Arise". 


Name 


Address, 


the  apparatus  selected.  Electroaic 
means  may  also  be  employed. 

A  series  of  torsional  relays  is 
available  from  Wallace  &  Tiernan 
Products,  Inc.  of  Belleville,  N.  J. 
that  cover^i  the  frequency  band  of 
10  to  20  cycles  per  second.  The 
resonant  frequency  of  each  relay  is 
I  adjustable  within  the  limits  of  plug 
j  or  minus  one-half  cycle  per  second. 
This  adjustment  is  made  by  loosen¬ 
ing  two  lock  nuts  and  threading  two 
counter-weights  to  a  new  position 
;  nearer  or  further  away  from  the 
I  shaft  on  which  they  are  mounted. 

!  Thus  the  natural  period  of  oscilla- 
1  tion  of  the  relay  is  varied. 

I  Sharp  response  of  each  relay  is 
I  obtained  at  its  resonant  frequency 
plus  or  minus  2.5  percent  when  op¬ 
erating  under  a  condition  of  con¬ 
stant  amplitude  and  frequency  of 
current  pulses.  The  time  of  re- 
1  sponse  for  closure  of  the  torsional 
i  relay  contacts  is  within  three  sec- 
j  onds  from  the  instant  a  1.2-ma  cur- 
I  rent  at  five  volts  is  impressed  upon 
j  the  relay  winding  at  its  resonant 
frequency. 

i  •  •  • 

Inverted  Triode  for 
I  Industrial  Measurements 

Several  industrial  operations 
that  were  previously  considered 
i  very  difficult  or  impossible  have 
been  made  practical  by  a  new  elec¬ 
tronic  tube  that  can  measure 
hydrogen  ion  contents  of  chemicals 
(pH),  minute  currents  produced  by 
phototubes,  ion  current  in  mass 
spectrometer,  alloying  constituents 
of  steel,  and  minute  quantities 
which  previously  required  an  elec¬ 
trometer  or  its  equivalent. 

In  this  tube  the  outer  electrode, 
which  is  normally  the  plate  in  an 
ordinary  vacuum  tube,  is  used  as 
the  control  grid.  This  inversion 
minimizes  the  space  charge  effect, 
thereby  making  it  possible  to  se¬ 
lect  a  value  of  grid  bias  that  will 
result  in  zero  grid  current. 

With  this  tube,  currents  as  low 
i  as  10'“  ampere  can  be  measured  and 
I  as  low  as  10'^*  ampere  can  be  indi- 
j  cated.  Direct  potentials  can  be 
I  measured  to  a  sensitivity  of  10‘ 

I  volt  in  circuits  up  to  10'“  ohms  in 
!  resistance. 

I  The  sensitivity  of  this  tube  is 
!  made  possible  by  an  extremely  low 
grid  current  and  a  high  grid-to- 
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cathode  resistance.  Due  to  the  small 
ma^itude  of  the  current  expet^ted 
in  the  usual  applications,  it  is  abso¬ 
lutely  necessary  that  none  of  the 
minute  quantities  of  current  be  ab¬ 
sorbed  in  surface  leakage.  There¬ 
fore,  every  precaution  has  been 
taken  to  design  the  tube  so  that  I 
unusually  high  resistance  exists  be¬ 
tween  each  electrode. 

Pant-Leg  Leakage 

The  use  of  “glass  pant-leg”  sup¬ 
ports  has  provided  a  maximum 
surface  leakage  path  between  elec¬ 
trodes.  The  pant-leg  consists  of  a 
glass  sleeve  surrounding  a  wire 
which  acts  as  support  for  mounting. 
This  method  of  construction  pro¬ 
vides  the  insulation  necessary  be¬ 
tween  electrodes  so  that  practically 
no  energy  is  absorbed  from  the 
source  being  measured. 

The  tube  is  termed  an  inverted 
triode  by  Westinghouse  engineers 
because  the  outer  electrode,  which 
is  normally  the  plate  in  an  ordinary 
vacuum  tube,  is  used  as  the  control 
electrode  or  grid  in  this  tube.  This 
places  the  control  electrode  at  a 
maximum  distance  from  the  space 
charge  region  surrounding  the  fila¬ 
ment,  thus  minimizing  the  amount 
of  electrons  collected  by  the  control 
electrode.  In  this  manner,  the  cur¬ 
rent  to  the  control  electrode  is  held 
at  a  minimum. 

The  mesh  mounted  between  the 
filament  and  the  control  electrode  is 
used  as  the  anode.  This  construc¬ 
tion  provides  more  radiating  sur¬ 
face  to  the  grid,  decreasing  its  tem¬ 
perature  and  possible  thermionic 
emission.  The  control  element  or 
grid,  being  farthest  from  the  fila¬ 
ment,  receives  less  heat  and  light 
from  the  filament,  thus  decreasing 
emission  from  the  grid. 

Operation 

The  filament  is  operated  at  a  low 
temperature  to  minimize  the  emis¬ 
sion  of  photoelectrons  and  primary 
electrons  from  the  grid.  All  of  the 
electrodes  are  operated  at  rather 
low  voltages  to  reduce  the  possi¬ 
bility  of  ionizing  residual  gas  in 
the  tube,  which  would  cause  posi¬ 
tive  ion  current  in  the  grid  circuit. 

In  taking  measurements  of  ex¬ 
tremely  minute  currents,  the  elec¬ 
trostatic  charges  which  build  up  on 
the  inside  surface  of  the  glass  bulb 
produce  a  sufficiently  high  electric 
field  to  seriously  affect  the  overall 
sensitivity  of  the  tube.  This  elec- 


Here  you  have  the  advantage  of  a 
complete,  centralized  service  on  all 
types  of  industrial  electronic  tubes. 
Many  are  “on-hand”  for  rush  de¬ 
livery!  This  enables  you  to  obtain 
the  exact  type  you  require,  in  the 
shortest  possible  time.  Rectifier, 
power,  control,  photo-electric,  cath¬ 
ode  ray,  transmitting,  or  receiving 
.  .  .  in  RCA,  G.E.,  Raytheon,  Am- 
perex,  Eimac,  Taylor,  and  other 
well  known  makes. 

Save  time  and  work — Call  Allied  First! 
Write,  Wire  or  Phone  Haymarket  6800 

Engineering  Service  Available 


EVERYTHING  IN 
ELECTRONICS  t  RADIO 

It’s  faster,  simpler  to 
get  all  your  electronic 
and  radio  supplies  from 
this  one  central  source. 
We  carry  the  largest 
and  most  complete 
stocks  of  parts  and 
equipment  under  one 
roof  .  .  .  ready  for  im¬ 
mediate  shipment.  Be¬ 
sides,  our  procurement 
experts  are  in  constant 
contact  with  all  leading 
manufacturers.  This 
complete  service  sim¬ 
plifies  and  speeds  sup¬ 
ply  of  diversified  needs. 


RECTinER 

POWER 

CONTROL 

PROTO-ELECTRIC 

TRANSMiniNO 

RECEIVING 


H^pfwl  I 

BUYING  I 
GUIDE  j 

AvailabI*  . 
•n  ReqwMt 

Write  hr  HI  I 


CORPORATION 

833  W.  Jackson  Blvd.  Dept.  24-M-4  Chicago  7,  Illinois 


SUPPLIERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
Electronic  Tubes,  Rectifiers,  Power  Supplies.  Intercommunicating  Systems,  Sound  Systems,  Photo-Cell  Equip¬ 
ment,  Batteries,  Chargers,  Converters.  Generators,  Supplies  for  Resistance  Welders,  Fuses,  Test  Instruments, 
Meters,  Broadcast  Station  Equipment,  Relays,  Condensers,  Capacitors,  Resistors,  Rheostats,  Transformers, 
Switches,  Coaxial  Cable,  Wire,  Soldering  Irons,  Microphones,  Speakers,  Technical  Books,  etc. 
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HITTING  AN 
IGNITION  PROBLEM 
...ONTNENEAD 


A  major  problem  confronting  today  s 
designer  of  electrical  products  is  the 
proper  selection  of  material  for  use 
where  temperature  variations  occur 
frequently  as  in  automotive  ignition 
and  radio  parts.  TTie  unusually  rigid 
requirements  for  dielectric  strength 
and  heat  resistance  in  these  items  call 
for  a  plastic  compound  of  extraordinary 
versatility. 

For  the  ignition  parts  illustrated  at 
right,  Durez  technicians  developed  a 
phenolic  plastic  molding  compound 
which  not  only  more  than  meets  the  re¬ 
quirements  for  dielectric  strength  and 
heat  resistance,  but  also  has  a  low 
power  factor,  good  moisture  resistance 
and  low  shrinkage  which  reduces  stress 
around  inserts  and  renders  the  finished 
part  less  susceptible  to  cracking.  This 
Pivticuhir  compound  is  minerttl-JilleJ  and 
posvssts  far  better  arcresistiiit)  ifualities  than 
the  usual  irood-flour-fiUed  material 

The  versatility  of  the  more  than  300 
Durez  phenolic  molding  compounds 
has  made  their  use  practically  universal 
throughout  industry.  Such  properties 
as  highest  dimensional  stability  under 
all  types  of  climatic  conditions,  chem¬ 
ical  resistance,  impact  strength,  heat 
resistance,  dielectric  strength  and 
moisture  resistance . . .  render  them  in¬ 
valuable  to  the  product  designer. 


Add  to  the  product  versatility  of  Durez 
compounds  the  many  new  molding 
methods  and  processes  developed  by 
your  custom  molder,  and  you  can 
readily  appreciate  the  scope  which  is 
offered  to  imaginative  minds  with 
post-victory  markets  in  view 

Many  years’  experience  in  successful 
product  development  has  filled  the 


Durez  files  with  a  wealth  of  valuable 
data.  These  data,  plus  the  full  co¬ 
operation  of  experienced  Durez  tech¬ 
nicians,  are  available  at  all  times  to¬ 
wards  the  successful  solution  of  any 
materials  problem  which  you  may 
have. 

Durez  Plastics  &  Chemicals,  Inc.,  812 
Walck  Road,  North  Tonawanda,  N.Y. 


PLASTICS  THAT  FIT  THE  JOB 
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eliminate  this  condition,  a  small 
piece  of  spring  wire  is  mounted 
with  a  slight  pressure  against  the 
inner  wall  of  the  glass  bulb.  The 
connection  is  then  brought  out  to  a 
base  pin  and  connected  to  an  elec¬ 
trical  ground  with  respect  to  the 
other  electrodes.  If  not  thus  neu¬ 
tralized,  electric  fields  created  by 
the  charge  on  the  glass  bulb  can 
easily  be  of  sufficient  magnitude  to 
exert  a  greater  control  over  the 
electron  flow  than  is  obtained  from 
the  control  electrode. 


ment  and  the  amplifier  proper. 
Should  the  tube  be  used  in  this 
manner  it  is  possible  to  use  more 
rugged  and  cheaper  instruments  to 
obtain  measurements  previously 
requiring  laboratory  precision 
equipment.  A  typical  electrometer 
circuit  using  a  microammeter  or 
galvanometer  is  shown  in  Fig.  1. 

The  tube  and  all  leads  from  the 
voltage  supply  should  be  shielded 
very  carefully  from  any  stray  mag¬ 
netic  or  electrostatic  fields.  It  is  also 
necessary  to  shield  the  tube  from 
light  as  there  may  be  some  photo 
electric  effects  while  sensitive  read 
ings  are  being  taken.  It  is  advisable 
to  mount  the  tube  in  a  reason¬ 
ably  tight  shield  can  containing 
a  drying  agent  such  as  calcium 
chloride  or  phosphorous  pent-oxide 
to  protect  it  from  moisture  in  the 
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FIG.  1 — Circuit  of  on  electrometer  uaing 
the  ineerted  triode  for  high  sensitivity 


Air-Cooled 

Radiators 

byARPIN 

Immediate  shipment  on  several  sizes  for  Air¬ 
cooled  transmitting  tubes  in  types: 

889-R  892-R 

891-R  893-R 

127-R 

Write  for  information  and  prices. 

Also  Try  Us  For 
Mercury  Vapor  Rectifier  Tubes 

ARPIN  MANUFACTURING  CO. 

422  Alden  St. 

ORANGE.  NEW  JERSEY 


Cireuit 


As  low  voltages  are  used  on  the 
electrodes,  the  anode  current  is  low 
in  comparison  with  ordinary  tri- 
odes.  Therefore,  a  microammeter 
or  galvanometer  must  be  used  in 
the  plate  circuit  to  measure  the 
small  currents.  The  output  may  also 
be  fed  into  a  suitable  voltage 
amplifier,  in  which  case  the  RH-607 
tube  will  serve  as  a  coupling  device 
between  the  source  under  measure- 


THAT’S 
“GEARED  TO 
THE  KEY” 


Bristol  Multiple-Spline  Socket  Set  Screws  set  tighter 


.  even  in  hard-to-reach  places  .  .  .  without  rounding 
out  or  breaking. 

_ _ I _ . 


Where  a  small  screw  is  called  for  .  .  . 
where  vibration  will  be  a  problem  . .  . 
where  the  fastening  point  is  at  an  awk¬ 
ward  place  —  think  immediately  of  the 
screw  that’s  built  like  a  ^ear. 

The  Bristo  Multiple-Spline  Socket  Set 
Screw  is  specified  for  aircraft  parts, 


photographic  equipment,  electrical  as¬ 
semblies,  because  the  multiple-spline 
design  (the  teeth  in  socket  are  geared  to 
the  key)  provides  much  greater  strength, 
permitting  more  tightening  force  even  on 
screws  as  small  as  No.  4  wire  size!  The 
diagram  shows  why. 


FIG.  2 — Ar»taq9  characteristic  plats 
current  curres  for  the  Inrerted  triods 


air  condensing  on  the  bulb  surface. 

Even  a  microscopic  film  of  mois¬ 
ture,  if  allowed  to  form  on  the  bulb 
surface,  provides  a  leakage  path 
between  the  control  electrode  and 
the  cathode.  If  a  leakage  of  current 
occurs  through  this  moisture  film, 
the  change  in  resistance  in  the  con¬ 
trol  circuit  causes  the  control  elec¬ 
trode  voltage  to  vary  widely,  thus 
destroying  the  accuracy  of  meas¬ 
urements.  The  minute  currents  be¬ 
ing  measured  are  usually  less  than 
the  leakage  currents. 

As  added  insurance  against  sur¬ 
face  leakage,  the  outside  surface  of 
the  bulb  is  sometimes  treated  with 
a  solution  such  as  Silicone  resin 
or  some  other  suitable  material. 
This  coating  then  helps  to  break  up 
the  possible  formation  of  moisture 
into  tiny  droplets  which  do  not  con¬ 
tact  each  other.  Thus  a  continuous 
leakage  path  through  the  moisture 
is  not  possible. 

The  filament  current  is  very 
critical  and  must  be  held  constant. 
If  there  is  any  drift  due  to  battery 
or  other  changes  the  plate  current 
will  naturally  shift,  which  will  af¬ 
fect  the  constancy  of  the  readings. 
It  is  therefore  advisable  to  use  only 
a  battery  which  has  been  seasoned 
or  has  been  stabilized  so  that  its 
voltage  has  become  practically 
constant. 


Average  Curves 

The  characteristic  curves  shown 
are  taken  from  readings  of  several 
tubes.  The  plate  current  curves 


Vfc  HP— ns  Volt  D.  C.  Shunt  Wound  1725  R.  P.  M.— 
Reversible,  Ball  Bearing,  Ventilated. 


Cut  shows  one  oi  many  types  and  sizes  of  Ohio  Motors 
designed  for  driving  Electronic  Devices. 

RANGE 

1/100  to  2  HP.— A.C. 

1/100  to  1  HP.— D.  C. 

1/100  to  Va  HP. — A.C.  Synchronous. 

1  to  100  oz.  ft.  A.C.  Torque. 

Shell  type  motors  for  built-in  applications  to  4  HP. 

— D.C.  and  to  J-Vi  HP.— A.C. 

All  usual  voltages  and  cycles. 


THE  OHIO  ELECTRIC  MANUFACTURING  CO. 

5908  Maurice  Avenue  Cleveland  4,  Ohio 
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What  is  your  problem? 


OHIO 

MOTORS  for 
ELECTRONIC 
APPLICATIONS 


When  the  guns 
are  racked . . . 


*  o 


When  the  shooting  is  over  and  the 
great  civilian  demands  can  again  be 
met,  Jefferson  Transformers  will  be 
ready. 

Under  the  stimulus  of  war  produc¬ 
tion,  still  greater  developments  in 
manufacturing  technique  and  quality 
control  have  been  effected  to  insure 
you  Transformers  to  meet  your  most 
exacting  requirements. 

When  the  guns  are  racked,  we’ll 
be  ready  to  serve  you.  JEFFERSON 
ELECTRIC  COMPANY,  Bellwood 
(Suburb  of  Chicago),  Illinois,  hi  Can¬ 
ada:  Canadian  Jefferson  Electric  Co., 
Ltd.,  384  Pape  Avenue,  Toronto, 
Ontario. 


k 
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REAL  *  •  and  READY 
^or  j^odtwar  home  RADIOS 

Lots  of  dream-stuff  will  become  tangible  two,  three, 
five  years  hence.  But  crystal-clear  radio  can  come 
as  soon  as  facilities  and  materials  are  released  to 
your'  industry. 

PAN-EL  Control  Crystals  are  ready  NOW. 

We  are,  of  course,  busy  on  production  of  the 
most  ^^difficult”  lyp®  crystals.  But  our  quantity- 
manufacture  technic  permits  us  to  handle  these  War 
orders  and  look  for  Peace  orders  at  the  same  time. 

We  can  match  any  crystal-control  problem  that 
faces  you,  for  any  fm  or  other  electronic  purpose, 
and  assure  you  of  postwar  volume  deliveries,  on 
regular  schedules,  at  an  economic  price. 

And  our  War-trained  staff  of  engineers  is  always 
ready  to  work  with  you  on  circuits  or  special  appli¬ 
cations  of  PAN-EL  Crystals  —  without  obligation. 
Write  us,  wonH  you,  so  we  can  help? 


I 


PAN-ELectronics  LABoratorics,  Inc. 

500  Spring  St.,  N.  W.,  Atlanta,  Georgia 


NTITYntODUCnS  OF  STANDARD  AND  SPiOAL 
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shown  in  Fig.  2  represent  averai^e 
values,  although  individual  tubea 
should  not  vary  greatly  from  the 
average. 

The  grid  current  curves  also 
represent  average  values  taken  on 
several  tubes  but  the  readings  on 
individual  tubes  may  vary  consider¬ 
ably  from  the  figures  shown.  The 
curve  in  Fig.  3,  with  4.5  volts  on  the 
anode  shows  that  the  grid  current 
passes  through  zero  at  minus  l.g 
volts.  The  important  feature  to  no¬ 
tice  is  that  the  grid  current  of  every 
tube  crosses  zero  at  some  bias  volt¬ 
age  near  this  value.  It  is  therefore 
possible  to  select  a  value  of  grid 
bias  such  that  the  grid  current  is 


FIG.  3 — Avwaq*  choractorislic  grid 
cnrraat  cottm  for  tho  now  tab*  show 
Ih#  poulbilUy  of  oolocllag  a  vcdoo  of 
grid  bios  that  pormita  loro  grid  currant 

zero;  hence,  extremely  minute  cur¬ 
rents  can  be  measured  accurately. 
By  adjusting  the  grid  bias  so  that 
the  grid  current  is  zero  it  has  been 
found  practical  to  measure  grid 
currents  as  low  as  10'**  ampere  to 
obtain  indications  of  grid  currents 
as  low  as  10'“  ampere.  By  provid¬ 
ing  a  bias  adjustment  on  either  side 
of  the  floating  potential,  reversal  of 
control  current  is  effected  to  ad¬ 
vantage  in  electrochemical  polariza¬ 
tion  studies. 

Every  precaution  should  be  taken 
to  insure  that  no  electrical  leakage 
is  present  in  the  circuit  wiring. 
Wherever  possible,  all  leads  from 
the  electrodes  should  be  air  insu¬ 
lated.  Where  construction  requires 
feed-through  insulators,  quartz 
glass  or  other  material  which  of¬ 
fers  extremely  high  resistance  to 
surface  leakage  should  be  used. 

FLUORESCENT  MAPS  are  used 
in  night  bombing  operations. 
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sharing  responsibility  for  quality 


COMBINATION 
TUBE  AND 
SET  TESTER 


ANALYST 


RCP  MODEL  8046 


Two  complete  instruments  in  one  All  meos- 
urements  con  be  mode  at  the  socket  terminols 
without  removing  the  chossis  of  the  unit 
under  test  or  using  test  prods.  Direct  testing 
of  all  acorn  tubes,  oil  old  ond.new  regulor 
receiving  tubes,  rectifiers,  etc  Complete 
leokage  test  under  rated  voltages  of  all 
electrolytic  condensers.  Regular  resistance 
test  for  electrostatic  condensers  at  high  volt¬ 
ages.  Gives  true  rendition  under  rated  load 
of  oil  popular  sizes  and  types  of  botteries 


Our  Catalog  Na,  128  describes  our  com- 
plese  line  of  standard  test  tnstruments. 
Wrtte  for  it.  Our  engineers  mill  be  glad 
to  confer  mitb  you  on  your  test  prob¬ 
lems  or  to  design  special  instruments. 


ANALYZER,  mounted  in  cover  of  instru¬ 
ment  cose,  has  improved  multiple  circuit- 
selector  system,  which  with  multitester  mokes 
o  comprehensive  free  point,  free  reference 
system  set  tester.  Provides  for  metering  ot 
all  socket  terminals  for  current,  voltage, 
resistance  ond  capacity. 

MODEL  S040,  eomplete,  for  operatlMi 
on  iOS-13S  volts,  8O>0O  eyclos  . .  . 
$102.00,  for  210-270  volts.  80-00 
cyclos  ...  $100.00;  olse  availoMo  for 
2$  cycio  oooratloir— $112.00 


RADIO  CITY  PRODUCTS 
COMPANY,  INC. 

127  west  26th  STREET  MEW  YORK.  1.  N.  Y. 
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blast  cooling  good  for  any  temper- 
ature  conditions  normally  encount-l 
ered.  The  air  cooling  mechjinistn 
consists  of 


TUBES  AT  WORK 


motor-driven  con- 
pressor  enclosed  in  a  weather-proof 
housing. 


New  Oscillcitor  Tube  For  1200  Megacycles 
Tubes  Measure  Cloud  Ceilings  for  Pilots . . 

Television  Station  Design . 

2.000^0-Volt  X-Roy  Tube . 

Experiments  with  Electronic  Organs . 

A  New  Electronic  Compass  for  Aircraft . . . 
X-Roy  Irradiation  of  Quartz  Crystals . 


New  Oscillator  Tube  For  1200  Megacycles 

An  acorn  TRIODE  of  the  heater  tsrpe  provides  high  perveance  and  the 
has  been  announced  by  RCA  and  double  leads  permit  lower  lead  in- 
labeled  type  6F4.  Intended  primar-  ductance  than  single  Ibads. 
ily  as  an  oscillator,  it  operates  at  A  power  output  of  1.8  watt  is 
frequencies  up  to  about  1200  Me  due  available  from  a  single  tube  at  mod- 
to  a  closely  spaced  electrode  struc-  erate  frequencies  with  150  volts  on 
ture  and  the  use  of  a  radial  7-pin  the  plate.  An  output  of  about  45 
base  having  two  connections  each  milliwatts  may  be  had  at  1200  Me 
for  grid  and  plate.  The  close  spacing  with  100  plate  volts. 


Tubes  Measure  Cloud  Ceilings  for  Pilots 

Consistently  accurate  readings 
of  cloud  ceilings  in  daylight  are 
provided  by  a  pulsating  light  sys¬ 
tem  using  a  phototube  detector.  De¬ 
veloped  by  Laurence  W.  Foskett, 

U.  S.  Weather  Bureau,  in  conjunc¬ 
tion  with  General  Electric  lighting 
engineers,  the  system  measures  the 
height  of  clouds  two  miles  up  in 
daylight  for  the  first  time  in  avia¬ 
tion  history. 

The  complete  equipment  consists 
of  a  mercury-arc  projector,  a  pickup 
unit  known  as  a  ceilometer,  and  a 
recorder  which  provides  a  contin¬ 
uous  record  of  ceiling  height  and 
relative  cloud  density.  A  tiny  super- 
high-intensity  quartz  mercury  lamp 
is  mounted  at  the  focus  point  of  a 
searchlight  mirror  to  throw  a  120- 
cps  pulsating  beam  vertically  into 
the  sky. 

Although  not  visible  to  the  hu¬ 
man  eye  in  daylight,  the  beam  is 
scanned  readily  by  the  ceilometer. 

This  unit  consists  of  a  phototube 
pickup  and  amplifier  feeding  to  an 
output  meter.  It  is  located  1000 
feet  from  the  projector  and  is  tuned 
to  the  same  frequency  as  the  light 
pulse  in  order  to  distinguish  the 
mercury  light  signal  from  back¬ 
ground  light.  Scatter  energy,  pro¬ 
duced  on  cloud  layers  dense  enough 


so  that  a  minimum  of  standby 
equipment  will  be  required. 

Austin  engineers  also  exhibited 
their  design  for  a  two-studio  f-n 
station  developed  in  co-operation 
with  the  electronics  department  of 
General  Electric.  This  station  pro¬ 
vides  complete  facilities  for  local 
f-m  broadcasting,  as  well  as  for  net¬ 
work  relays.  These  are  laid  out  on 
either  side  of  one  main  control  room 
having  glazed  areas  affording  a 
clear  view  of  both  studios.  Activi- 


Electronic  equipment  of  the  NotqIux 
ceilometer.  The  ecanning  drum  may  be 
operated  by  a  hand  crank  at  the  side 
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yac4d  to  moot  tho  exoctmg 
gpodficotions  of  bottlo  communications 


in  tho  air,  on  tho  surfaco  and  undor  tho 
Jacks  oro  but  ono  of  tho  many  prodsion 


mado  oloctronic  ossontiols  thot  Notional  Fabricotod 


Products  will  supply  for  your  post  war  roquiromonts. 


FABRICATED  PRODUCTS 


2650  WEST  BELDEN  AVENUE.  OjOeAGO  47.  ILL 


Mamttisclmrtrs.  of  SOCKETS,  TERMINAL  ASSEMBUES,  JACKS  AND 
CONNECTORS  for  ms*  m  toery  fujd  of  oUrtromies. 


Addraaa 


ACCURATE  RRE'FLIOHT  tests  of  vital  automatic  radio  compasses  on  all  planes  operated  by 
Eastern  Air  Lines  are  quickly  made  with  a  portable,  battery-operated  oscillator  unit.  The 
time-saving,  dependable  instrument  was  developed  by  Eastern  radio  engineers,  who  selected 
Burgess  Batteries  to  provide  the  necessary  voltage  for  test  readings. 


ities  in  the  two  studios  can  be 
watched  from  a  public  observation 
corridor,  which  also  commands  a 
view  of  the  control  room  through 
the  glazed  walls  of  a  sound  chamber 
connecting  the  two  studios  and  the 
control  room. 


2,000,000-Volt  X-Ray  Tube 

If  all  the  radiographic  equipment 
previously  in  existence,  plus  all  the 
radium  mined  to  date,  could  be  con¬ 
centrated  on  the  taking  of  a  single 
radiograph  through  12  in.  of  steel, 
it  would  require  a  longer  exposure 
time  for  the  job  than  would  a  two- 
million-volt  x-ray  tube  recently  in¬ 
troduced  by  Machlett  Laboratories 
of  Springdale,  Conn.  Besides  high 
voltage,  the  new  tube  involves  pre¬ 
cision  focusing  of  the  electron  beam 
to  produce  practically  a  point  source 
of  x-rays. 

Doubling  of  previous  top  operat¬ 
ing  voltage  for  x-ray  tubes  is  sig¬ 
nificant  in  industrial  x-raying  of 
heavy  steel  objects.  The  increase 
from  one  to  two  million  volts  re¬ 
duces  the  exposure  time  in  a  par¬ 
ticular  instance  from  one  week  to 
less  than  an  hour.  With  the  new 
tube,  it  is  possible  to  detect  the 


THIS  MONTH— EASTERN  AIR  LINES'  RADIO  COMPASS  TEST  UNIT 


THE  OSCILLATOR  UNIT  is  not  influenced  by  external  conditions,  permitting  service  technicians 
to  check  for  dangerous  radio  compass  defects  while  aircraft  are  inside  hangers  or  close  to 
metal  objects,  long  before  plane  departure  time.  Burgess  Industrial  Batteries  are  designed 
to  meet  the  requirements  of  exacting  special  applications.  Let  Burgess  engineers  help  you 
solve  your  portable  power  problems.  Write  us  today  about  your  specific  needs,  or  send 
coupon  for  free  Engineering  Manual.  Burgees  Battery  Company,  Freeport,  Illinois. 


rKCE  •  •  •  tO-PAGE  ENGINEERING  MANUALI 

31  deacriptive  page*,  25  charts  and  36  data  tables  on  dry  battery  charac¬ 
teristics  for  electronic  applications.  Tabbed  for  ready  reference.  Write 
Dept.  9  for  your  free  copy.  Burgeaa  Battery  Company,  Freeport,  III. 


BURGESS  BATTERIES 


Oparoting  with  on  oppltod  potanllal  of 
2,000,000  Tolts,  this  naw  s-ray  tuba  has 
radaoad  tha  axpesnxa  lima  In  ana  par- 
ticnlar  application  from  a  waak  with 
o  million  rolls  to  lass  thon  an  hour 
with  two  million.  Raymond  Moehlott, 
prasidant  of  Machlatt  Loboratorias, 
holds  tha  tuba 
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PORTABLE  POWER  PROBLEMS 


tltClWCRl 


Industry  is  untering  an 
•  ro  of  oloctronics, 
marked  by  Hie  keenest 
competition  in  business 
history.  The  rich  rewards 
will  surely  go  to  those 
who  employ  Creotive 
Elmctrical  EngieeerMg  to 
best  odvantage. 

In  this  highly  technical 
field,  LELAND  Electric 
has  solved  many  diffi¬ 
cult  electrical  problems 
with  skill  and  ingenuity. 
This  valuable  experience 
may  be  the  key  to  your 
post-war  plan.  We  in¬ 
vite  your  inquiry. 


ENGINEERING  •  DESIGNING  •  MANUFACTURING 


presence  of  a  piece  of  0.014-in.  foil 
laid  on  the  surface  of  a  piece  of 
16-in.  thick  steel. 

Voltage  for  the  tube  is  supplit^ 
from  a  Van  de  Graaff  type  electro¬ 
static  generator  developed  by  MIT 
and  Westinghouse  and  utilizing  air 
under  pressures  between  200  and 
400  psi.  The  tube  must  withstand 
the  same  pressures.  Since  rate  of 
leakage  goes  up  exponentially  with 
pressure,  this  requires  a  particularly 
effective  method  of  producing  glass- 
to-metal  seals,  a  fact  complicated  by 
the  great  length  of  interface-sealing 
involved  in  the  design.  Each  tube 


Popular  Thro*  Docodo  Typo 
Input  constant:  1,000  ohms. 
Voltago  incromonts:  0.001  to  1.0  in 
stops  of  0.001 


Pour  Docodo  Voltago 
DMdor 

Input  constant:  1 0,000 
ohms. 

Voltago  incromonts: 
0.0001  to  1.0  in  stops 
of  0.0001 


(Atmate  Voltage  Dividers) 


Shallcron  Docade  Polontiomoters  or  Voltage 
Dioiden  are  designed  to  provide  accurate  incre¬ 
ments  of  input  voltages.  Actually,  the  instruments 
consist  of  two  accurately  calibrated  resistance 
boxes  operated  simultaneously  by  a  single  set  of 
controls.  As  the  dials  are  rotated,  the  resistance 
in  one  circuit  increases  while  the  resistance  in 
the  other  circuit  decreases  by  the  same  amount. 
Thus  the  total  resistance  remains  constant  across 
the  input  terminals. 

These  accurate  Voltage  Dividers  are  available 
in  a  wide  range  of  total  resistances  and  voltage 
increments.  Two  of  the  popular  standard  types 
are  listed  here.  For  complete  details,  or  for  special 
units  for  specialixed  applications  write,  giving 
full  particulars  of  your  application. 

(Whuiu  ruqulrud,  *0  ShalloroM  laaltBamiU 
can  bu  rappliudwith  orurall  FUMOICIDAL 
MOUnmE-RBSMTAMT  protudion) 


Akra-ohm  Accurate  Resistors 
•  Rotary  Selector  Switches 
Multi-Resistance  Standards 
Telephone  Transmission  Test  Eqpt. 
Wheatstone  Bridges 
Fault-Location  Bridges 
Low-Resistance  Test  Sets 
(Bond  Testers) 
Kilovoltmeters 
Kilovoltmeter  Multipliers 
Portable  Galvanometers,  etc.,  etc. 


The  new  x-roy  tube  contcdns  o  column 
formed  by  o  series  of  annular  rings  of 
gloss  ond  metoL  To  mainlain  a  uni¬ 
form  field  with  miwiitiiiin  dispersion  of 
the  electron  beam.  12,000  Tolts  po- 
tentiol  is  applied  between  the  metal 
rings  of  each  section.  A  total  of  182 
sections  ore  used 


SPECIALISTS  IN  ACCURATE  RESISTORS 

The  reUability  of  all  SbaJIcrogB  Tett  and  Electrical  Meaear- 
ing  equipment  in  doubly  aggured  byuge  of  Sballcrogg  Akra- 
ohm  wire-wound  regigtorg  throughout.  Made  in  the  widegt 
variety  of  ghapeg,  typeg,  and  rangeg,  Akra-ohmg  are 
available  to  toleranceg  as  exact  os  0.05  of  1%.  Write  for 
Catalog  No.  825. 


has  about  300  ft  of  seal,  or  a  thou¬ 
sand  times  that  of  the  largest  stand¬ 
ard  tube.  Since  rejections  because 
of  leaky  seals  customarily  run  above 
one  per  hundred  tubes,  a  new  tech¬ 
nique  was  devised. 

H-F  Heating  of  Glass 

The  method  developed  consists 
of  rotating  a  mandril  with  a  slotted 
chuck  to  establish  the  precise  spac¬ 
ing  required  of  the  Kovar  rings. 
As  the  assembly  revolves,  a  se- 
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quence  of  gas-flame  and  high-fre¬ 
quency  electronic  heating  steps  are 
followed  which  give  the  seal  re¬ 
quired.  Glass  sections  are  formed  to 
shape  while  plastic  and  the  com¬ 
pleted  column  is  lowered  step  by 
step  as  new  sections  are  added  at 
the  top.  Assembly  and  out-gassing  ] 
operations  follow. 

The  new  tube  is  shown  in  the  ac¬ 
companying  illustration,  being  held 
by  its  designer,  Raymond  Machlett, 
president  of  the  Laboratories.  It  is 
completely  sealed  off  so  that  its 
vacuum  of  10'^  mm  of  mercury  does 
not  have  to  be  maintained  by  pump¬ 
ing,  and  is  compact  enough  to  be 
relatively  portable. 

As  the  sectional  drawing  reveals, 
the  column  is  made  up  of  a  series 
of  annular  rings,  alternately  of  Py- 
rex  glass  and  Kovar  alloy.  Each  of 
the  182  metal  rings  acts  as  an  ac¬ 
celerating  electrode  to  provide  steps 
of  12,000  V  each.  The  result  is  a 
uniform  field  with  a  minimum  dis¬ 
persion  of  the  electron  beam  during 
its  travel  from  the  cathode  at  the 
top  to  the  region  of  the  last  accel¬ 
erating  electrode.  At  this  latter 
point,  the  beam  is  focussed  mag¬ 
netically  to  strike  the  gold  target 
at  the  bottom  in  a  spot  a  few  thou¬ 
sandths  of  an  inch  in  diameter.  Re¬ 
sulting  x-rays  pass  through  the  tar¬ 
get  and  the  bottom  housing  for  pro¬ 
jection  through  the  object  being  ex¬ 
amined  to  the  film  beyond. 

The  reduction  in  exposure  time 
made  possible  with  the  new  tube 
permits  examination  of  complete 
mechanical  assemblies  where  the 
proper  relation  of  parts  within  a 
housing  can  be  determined.  In  the 
medical  profession,  better  depth 
dosers  are  made  possible  for  ther¬ 
apy  of  cancer.  Using  a  200,000-v 
tube,  a  therapist  can  obtain  32  per¬ 
cent  of  the  skin  dose  at  a  depth  of 
10  cm.  With  a  million-volt  unit,  the 
percentage  goes  up  to  42.  The  two* 
million-volt  tube  gives  50  percent. 
Effectiveness  of  the  treatment  de¬ 
pends  on  obtaining  the  greatest  pos¬ 
sible  depth  dose  with  the  least  pos¬ 
sible  effect  on  superficial  tissues. 


Don’t  think  of  Cherry  Rivets  only  os  "blind"  rivets.  Just 
remember  they  ore  upset  with  a  pull  instead  of  a  pound — 
that  they  need  no  bucking  bar — no  backing  up — that  they 
turn  a  two  man  job  into  a  one-hand  operation. 

Then  you  will  use  them  in  all  hard-to-get-at  spots  (in  cor¬ 
ners — wherever  space  is  limited).  You  will  use  them  in  all 
types  of  metal  structures;  you  will  use  them  in  plastics,  ply¬ 
woods,  enameled  surfaces  (the  pull  action  doesn't  crack  or 
shatter  brittle  surfaces) — They  will  work  in  soft  materials 
(rubber,  leather,  fabric)  without  bending,  buckling  or  tilt¬ 
ing  the  rivet. 

With  Cherry  Rivets,  short  runs  become  production  jobs 
without  tooling  or  special  set-up.  Remember,  too,  that  Cherry 
Rivets  have  wide  tolerance  in  hole  size  and  grip  length — are 
fast  to  use  and  most  economical. 


CHCHIlr  KIVETS.  THEm  MANUFACTUkE  AND  APPLICATION  ARCCOVENED  tT  U.  t.  PATENTS  ISSUED  AND  PENDING 


Sm  for  yourtolf  how 
Chorry  Rivots  can  cut 
production  costt  in 
your  plant.  Writo  far 
Handbook  A-43.  Ad- 
dross  Dmpartmont 
A-120,  Chorry  Rirat 
Company,  231  Wins¬ 
ton  Stroot,  Los  Angolas 
13,  California. 


Experiments  with 
Electronic  Orgfaiis 

By  .John  H.  Jupk 

Experiences  in  the  construction  of 
various  electronic  organs  are  re¬ 
lated  by  S.  K.  Lewer  in  Electronic 
Engineering  for  September,  1944. 


Uilll' 
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PrtlurMd  It  built  u*  by  impruinatlni  wesd  lamind. 
titM  with  phendie  midi  add  pressidp  them  tofether 
under  heat  aad  pressure.  The  lamluatlens  may  be 
arraaped  with  praid  rundinp  ode  direetion.  This 
methed  preduees  hlph 
stredpth  preduets  such 
as  Prepwood  1100. 


> 

PREGWOOD  is  a  relatively  new  material  possessmg 
many  unusual  qualities  that  hove  adopted  it  to  many 
uses — such  as  switch  gear  in  heavy  duty  switches,  picker 
sticks  on  textile  looms,  sld  bottoms  on  military  slds. 

The  test  figures  shown  below  indicate  the  remarkable 
strength  of  the  material — ^which  has  a  lower  specific 
gravity  than  aluminum. 

Pregwood  has  a  certain  measure  of  efficiency  as  an  elec¬ 
trical  insulator.  It  is  non-absorbent  and  does  not  take  up 
moisture.  It  is  chemically  inert  and  can  be  used  for  ap¬ 
paratus  parts  that  will  be  exi^sed  to  acids  and  alkalies. 

Changes  in  humidity  have  relatively  little  effect  on  dimen¬ 
sions;  and  a  low  co-efficient  of  thermal  expansion  holds 
the  material  stable  under  marked  changes  in  temperature. 

It  has  the  quality  of  wearing  smoothly  without  slivering  or 
cracking.  This  mokes  it  especially  desirable  for  parts  of 
textile  ma(;hinery  where  it  will  not  snag  threads  of  fabrics. 

THE  FORMICA  INSULATION  COMPANY 
4661  Spring  Grove  Avenue 


CINCINNATI  32,  OHIO 
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He  was  confronted  by  a  choice  d 
(a)  complex  waveforms, 
by  the  keyboard  controls  into 
various  tones  required;  or  (b) 
waves,  synthesized  by  the  keybosf; 
controls  into  the  various  tones. 

He  chose  (a)  and  decided  thate 
electrostatic  method  of  gene  ratio: 
was  best  for  the  amateur  b»  chesj 
cutting  and  shaping  metal  elec¬ 
trodes  is  easier  than  winding  lar|> 
numbers  of  electromagnets  or  set¬ 
ting  up  precision  optical  systena, 
and  because  time  delay  resistance- 
capacitance  circuits  provide  estr 
means  of  controlling  tone  etc.  Tli!; 
original  choice  has  been  conhnnej 
by  later  experiments. 

The  first  experimental  generat(ir| 
was  a  gramaphone  record  with  equi- 
spaced  tinfoil  waveforms  pasted  oe 
it  and  using  a  fixed  pickup  elec¬ 
trode.  Both  this  and  a  later  all- 
metal  disc  were  discarded  becauM 
of  modulation  or  tone  variation 
duced  by  mechanical  defects.  Tbc 
system  evidently  required  a  higi 
degree  of  mechanical  precision, 
There  were  also  difliculties  concern¬ 
ing  accuracy  of  frequency  when  i 
number  of  discs  were  driven  from 
a  common  shaft. 


Vibration  Methods 

Vibratory  systems  were  then  ex¬ 
amined  and  a  start  was  made  using 
stretched  wires,  where  the  vibra¬ 
tions  produce  variations  of  capac¬ 
itance  which  are  translated  into  os¬ 
cillatory  voltages  across  a  high  re 
sistance.  To  generate  sustained 
(organ)  tones,  the  wires  must  be 
kept  in  continuous  vibration.  This 
was  achieved  in  the  first  instance  by 
feeding  back  some  of  the  output 
from  the  final  a-f  amplifier  into  the 
string  itself  and  arranging  a  mag¬ 
netic  field  transversely  to  the  string- 

For  selecting  and  converting  the 
various  tones,  a  second  set  of  pick¬ 
ups  was  provided.  Brass  or  phos¬ 
phor  bronze  wires  were  found  to  be 
quite  satisfactory  and  small  bar 
magnets  about  two  inches  long  were 
placed  on  each  side  of  the  wire  to 
provide  the  magnetic  fields. 

Quite  pure  tones  were  obtained 
provided  the  maintaining  electrode 
was  at  the  center  and  the  magnet 
h  distant  from  the  end  of  the  wire. 
The  chief  difficulty  was  in  maintair- 
ing  absolutely  constant  amplitude 
of  vibration,  due  to  minute  pickup 
and  amplifier  changes. 

I  Later,  a  method  of  maintaining 


BARKER  &  WILLIAMSON 


for  Many  Typos  of  Radio  Equipment 


DEPT.  E-124.  235  FAIRFIELD  AVE.,  UPPER  DARBY.  PA. 

fKpert:  LINDETEVES.  INC.,  10  Rockefeller  Ploie.  New  York,  N.  Y..  U.  S.  A. 


equipped  with  either  fixed  or  vari* 
able,  internal  or  external  coupling 
links,'  and  numy  other  special 
features.  They  are  adaptable  to 
every  need  from  complicated  band* 
switching  assemblies  and  ^^tailor* 
made**  coupling  link  units,  to 
sturdy,  easy^to-mount  coils  for  any 
tuned  r>f  circuit.  Send  ns  your 
specifications.  We*ll  match  theml 


XhINK  of  all  of  the  places  where 
you  can  use  exceptioiully  rugged, 
finely  made,  light-weight  little  coils 
like  this !  Many  types  of  mountings, 
pitches  from  4  to  44  t.p.i.,  and  any 
diameter  from  Vi"  to  1V4"  can  be 
supplied.  Q  is  amazingly  high,  due 
to  the  small  amount  of  insulating 
material  in  the  electrical  field. 

These  B  & W  Miniductors  can  be 
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PUT  YOUR  RECONVERSION  PLANS  IN  ACTION  QUICKLY 
WITH  LOW  COST 


mW  COI^IIUOUS 

imA  Pilling 
_  t>eveioptflg  and  * 
b!>$  an  ac-  / 
speed  of  20 


RECONVERSION  will  not  be  a  mere  return  to  prewar  produaion . . . 
The  use  of  new  materials  and  new  methods  will  increase  the  demand 
for  high  quality  Blueprints  delivered  quickly  at  low  cost. 

PEASE  BLUEPRINTING  MACHINES  will  provide  these  necessary 
Blueprints  in  volume  and  on  time.  Unparalleled  in  performance, 
fast  and  economical  in  operation,  they  require  less  attention  and 
make  sharper,  clearer,  more  contrasty  prints  than  any  other  tracing 
reproduction  machine.  Pease  Blueprinting  Machines  are  noted  for 
their  speed  (Pease  ”22”,  not  illustrated,  produces  prints  at  30  feet 
per  minute  or  more)  and  for  their  low  cost,  quality  produaion  . .  . 
fine  prints  as  low  as  one  cent  (or  even  less)  per  square  foot. 

PEASE  SENSITIZED  PAPERS,  for  use  with  any  Blueprinting  or  Whiteprinting 
(Dry  Dirert  Process)  machines,  are  uniformly  dependable  for  producing 
quality  Blueprints,  Blueline  Prints,  Brownprints  (Negatives),  Brownline 
Prints  and  Multazo  Whiteprints. 

Ask  for  descriptii  e  literature  and  prices  today. 

THE  C.  F.  PEASE  COMPANY 

263  9  WEST  IRVING  PARK  ROAD  •  CHICAGO  18.  ILLINOIS 
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the  strings  with  low  pressure  lir 
jets  was  thought  promising  but  it 
failed  above  about  800  cps. 

Vs9d  Reedit 

Attention '  was  then  given  to  vi¬ 
brating  reeds  as  variable  capaci¬ 
tance  elements,  with  reeds  takoi 
first  from  a  harmonica  and  later 
from  an  American  organ.  Forty 
reeds,  covering  32-2000  cps  in  five 
octaves,  were  assembled  and  at  first, 
direct  acoustic  output  was  difficult 
to  silence,  particularly  at  the  higher 
frequencies.  Cotton  wool  provided 
a  reasonable  solution  to  this  prob¬ 
lem.  Key  click  filters  were  also 
necessary  and  by  suitably  choosinf 
the  values,  could  be  made  to  provide 
'‘attack”  controls  as  well. 

Continuously  operated  reeds  were 
satisfactory  but  there  was  a  slight 
background  roar,  i.e.  stray  pickup 
from  aU  reeds  simultaneously.  The 
war  stopped  experiments  but  there 
have  been  some  later  ones  using  an 
undulating  change  of  capacitance 
to  produce  a  frequency  change  in 
an  oscillator  instead  of  a  current 
change  in  a  resistance.  In  the  opin¬ 
ion  of  Lewer,  this  system  merits 
further  careful  consideration. 
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A  New  Electronic 
Compass  for  Aircraft 

By  Davh)  William  Moihie,  Jr. 

Fairchild  Camera  and  Inatr^iMent  Carp. 

.  New  York  dtp 

Use  of  the  magnetized  needle  type 
of  compass  in  aircraft  showed  that 
certain  errors  were  introduced  dur¬ 
ing  turns  and  other  maneuvers  due 
to  the  accelerations  imposed  on  the 
compass  needle.  To  obviate  this  ef¬ 
fect,  a  class  of  compasses  known  as 
earth  inductors  was  developed.  At 
first,  these  cotnpasses  used  as  a 
sensing  element  a  rapidly  rotating 
coil  of  wire  which  generated  a  min¬ 
ute  voltage  as  it  cut  through  the 
lines  of  force  of  the  earth’s  field. 
The  accelerations  of  the  aircraft 
would  not  affect  the  voltage  gener¬ 
ated  by  this  rotating  coil,  and  as 
long  as  it  was  maintained  in  an  up¬ 
right  position  accurate  direction  in¬ 
dications  could  be  obtained. 

Certain  defects  were  inherent  in 
this  type  of  earth  inductor,  though, 
the  most  important  being  the  neces¬ 
sity  of  employing  brushes  to  collect 
this  induced  voltage  from  the  coils. 
These  brushes  generated  in  them¬ 
selves  a  noise  voltage  which  many 


Every  spring  is  a  design  problem  in  itself.  Consider  some  of  the 
factors  involved:  strength  and  tension,  corrosion  resistance,  uniformity, 
fatigue,  freedom  from  drift  and  "creep",  temperature  properties,  elec¬ 
trical  conductivity. 

The  question  of  failure,  for  instance,  con  in  many  cases  be  traced  not 
only  to  fatigue  but  to  corrosion,  and  is  often  overcome  by  a  corrosion- 
proof  material  such  os  beryllium  copper,  nickel  alloys,  phosphor  bronze 
or  stainless  steel,  or  by  cadmium  plating. 

Or  take  the  question  of  uniformity.  The  spring  maker's  ability  to  hold 
all  springs  uniform  may  often  be  found  of  greater  value  than  the  mainte¬ 
nance  of  absolute  tolerances.  Such  uniformity  is  highly  dependent  on 
the  manufacturer's  technicians  and  equipment. 

Reliable  is  thoroughly  equipped  and  staffed  to  assure  the  combination 
of  balanced  properties  best  suited  to  the  actual  product  use  of  the  spring. 

Sabmit  year  spring  aeeds  *o  at.  Relloble  catalog  44  snppllmd  oa  raqaetf. 

THE  RELIABLE  SPRING  &  WIRE  FORMS  CO. 

3147  Faltoa  Rd.,  Clavelaad  t,  Okie  e  Represeatativas  ia  Priacipal  Cities 
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Postwar  Radio-Phono  Combinations 


In  the  selection  of  component  parts  for  your  models,  you  will 
be  interested  in  the  dependability  of  the  unit  and  the  ability 
of  its  manufacturer  to  carry  through  on  any  program  under¬ 
taken.  You  will  find  satisfaction  on  both  scores  at  Webster 
Products. 


LOOK  TO 

WEBSTER  PRODUCTS 
TODAY 

Dynamotors  and 
Voltage  Regulators 

TOMORROW 
World  Acclaimed 
Record  Changers 


Webster  Record  Changers  will  have  all  the  features  you  would 
expect  from  the  pioneer  manufacturer  of  record  changers— 
with  remarkable  economies  of  space. 

We  will  be  glad  to  discuss  with  manufacturers  now  the  way? 
we  may  serve  you  today  and  tomorrow. 


WAR  BONDS 

are  Top  Value  for 
TODAY  and  TOMORROW 


CHICAGO  47,  ILLINOIS 


3825  W.  ARMITA6E  AVE. 
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times  approached  the  signal  voltage 
in  magnitude.  In  additicm,  the 
high-speed  rotating  coil  in  itself 
presented  an  undesirable  mainte¬ 
nance  problem.  Later  developments 
have  produced  earth  inductors  hav-  | 
ing  no  rotating  coils,  and  in  some 
instances  no  rotating  parts  at  all. 

New  Type 

In  our  laboratories,  we  have  de¬ 
veloped  an  entirely  new  type  of 
magnetic  field  responsive  device. 
This  form  of  earth  inductor,  while 
inherently  possessing  no  substan¬ 
tial  advantages  over  those  now 
available  to  our  armed  forces,  does 
present  an  entirely  new  and  novel 
approach  to  the  problem,  and  one 
which  we  felt  would, be  of  interest 
to  the  field.  Although  rather  exten¬ 
sive  laboratory  and  flight  tests  have 
been  made  of  this  system  with  very 
successful  results,  no  attempt  has 
been  made  to  market  the  device.  It 
is,  at  present,  merely  a  scientific 
curiosity,  but  one  which  may  open 
up  new  channels  of  thought  along 
other  lines. 

When  permalloys  are  placed  in 
the  earth's  magnetic  field,  they  be¬ 
come  magnetized  inductively  to  a 
measurable  degree.  This  fact  is 
made  use  of  in  our  earth  inductor, 
as  it  is  in  many  other  systems. 

As  shown  in  the  accompanying 
drawing,  the  permalloy  sensing  ar¬ 
mature  is  surrounded  by  an  excit¬ 
ing  coil.  The  magnetic  field  of  the 
exciting  coil  is  normally  at  right 
angles  to  the  longitudinal  axis  of 
the  armature.  In  this  position, 
there  is  no  magnetic  induction  be¬ 
tween  the  armature  and  the  excit¬ 
ing  coil  along  this  axis.  If,  how¬ 
ever,  this  armature  is  inductively 
magnetized  by  some  outside  field,  it 
will  no  longer  be  neutral  with  re¬ 
spect  to  the  magnetic  field  of  the  ex¬ 
citing  coil  and  a  magnetic  couple 
will  be  formed  between  it  and  the 
armature. 

In  actual  practice,  an  alternating 
current  of  suitable  frequency  is 
passed  through  the  exciting  coil  to 
produce  an  alternating  magnetic 
field  at  right  angles  to  the  longi¬ 
tudinal  axis  of  the  armature.  Then, 
when  the  armature  is  inductively 
magnetized  by  the  earth's  field,  an 
alternating  couple  will  be  produced 
between  the  armature  and  the  coil. 
If  the  armature  is  free  to  move  very 
slightly  along  an  axis  in  the  plane 
of  the  exciting  coil,  and  at  right 
angles  to  the  longitudinal  axis  of 


•  The  Industrial  Condenser 
Corporation  manuiactures  a 
complete  line  of  Oil -filled, 
Electrolytic.Wax  and  Special 
Mica  Capacitors  for  all  in¬ 
dustrial,  communications 
and  signalling  applications 
up  to  250,000  volts  working. 
Complete  laboratory  and 
engineering  facilities  avail¬ 
able  for  solution  and  design 
of  capacitor  problems  for 
special  applications. 

An  Industrial  Condenser  for 

OYory  Industrial  application. 


5  MFD.  50,000  VOLTS 
DC  WORKING 


(Illustrated  above)... 28  idches 
high,  weight  175  pounds,  built  by 
Industrial  Condenser  Corpora- 
tion  to  meet Kovy  specificotiotu. 
Oil-iilled.  oil  impregnated.  Built 
for  24  hour  continuous  operation 
and  total  submersion  in  wait 
water. 
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MOUNTINGS  .  . .  BEARINGS 


COUPLINGS 


Silenthloc  in  Your  New  Blueprints 
Means  a  Better  Product,. .Lower  Costs 


X  SIVBHTBVOC 

ber  >VounV\n%» 
nd  Bearin¥,« 
vibration,  «b.orb»hoc^ 

„„ble.free  torque  acuon 

.  mUolig-”*”* 


de- 
?€  of 
evice. 
while 
«tan* 
now 
does 
novel 
I  one 
ereet 
Kten- 
have 
very 
has 
e.  It 
itific 
open 
long 


SUenibloc  Rubber  Mounting  above 
is  used  to  damp  or  isolate  vibration 
and  cushion  shock  loads  in  motors 
and  other  moving  equipment. 


metal  and  rubber.  Skilled  General 
engineers  can  design  a  Silentbloc 
to  give  the  exact  performance 
you  specify. 

Silentbloc  has  been  proved  in 
use  on  automotive,  industrial, 
marine  and  home  machinery, 
electrical  equipment,  aircraft  and 
other  products.  Silentbloc  belongs 
in  your  new-product  blueprints. 

It  Will  Pay  Ytni  to  Knoiv 
More  About  Silentbloc 


Unassembled  Parts 


Assembled  Silentbloc  Torque  Bearing 


PATENTED  CONSTRUCTION  gives  engineered  perfomi- 
ince.  Silentbloc  consists  of  outer  metal  sleeve  into  which 
rubber  ring  is  forced  under  high  pressure  and  inner  shaft, 
“shot”  through  rubber.  Radial  compressive  force  of  elon¬ 
gated  rubber  forms  indestructible  rubber-to-metal  union. 


SILENTBLOC  Mounting  SILENTBLOC  Bushing 
gives  engineered  control  of  corrects  for  misalignment  of 
vibration  in  motors  and  binges,  shafts,  bearings, 
tnoving equipment,  cushions  mproves  operation,  cuts 
sikick  loads,  absorbs  noise.  machining  and  fitting  costs. 


THE  GENERAL  TIRE  &  RURRER  CO 

Mechanical  Goods  Division,  Wabash,  Indiana 
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the  armature,  a  mechanical  vibra¬ 
tion  of  the  armature  at  the  fre¬ 
quency  of  the  alternating  current  in 
the  exciting  coil  will  result. 


Rochelle  Salt  Cryeial 

This  vibration  of  the  armature  is 
transferred  to  any  suitable  pickup 
which  will  convert  mechanical  mo¬ 
tion  to  an  electrical  voltage.  In  our 
experiments,  a  standard  phono¬ 
graph  crystal  pickup  was  used. 

The  phase  of  the  crystal  output 
voltage  with  reference  to  the  phase 
of  the  current  in  the  exciting  coil 
will  be  a  function  of  the  magnetic 
polarization  of  the  armature.  This 


Armatur* 


‘•Crystol 


rrvjtor 


Esaantial  components  of  the  suggested 
earth-inductor  compass  for  olrctait 


Probably  the  most  important  single  factor  in  modern 
warfare  is  complete,  dependable  communications.  De¬ 
pendable  communications  require  a  dependable  power 
supply.  Pincor  !s  proud  of  its  port  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery  chargers. 

DYNAMOTORS  .  .  .  CONVERTERS 
GENERATORS  ....DC  MOTORS 
POWER  PIANTS...GEN.E-MOTORS 


magnetic  polarization  of  the  arma¬ 
ture  will  in  turn  depend  upon  the 
orientation  of  it  with  respect  to  the 
earth’s  field.  If  the  armature  is 
placed  in  an  east-west  position,  it 
will  not  be  magnetized  longitud¬ 
inally  by  the  earth's  field  and  con¬ 
sequently  no  output  will  result  from 
the  vibration  pickup.  If  the  arma¬ 
ture  is  rotated  in  either  a  clockwise 
or  a  counter-clockwise  direction 
from  the  east-west  position,  the 
armature  will  become  inductivel.v 
magnetized  and  an  output  voltage 
will  result. 

The  phase  of  the  output  voltage 
will  shift  180  degrees  as  the  arma¬ 
ture  passes  through  the  east-west 
position  and  may  be  taken  as  a  left- 
right  type  of  indication.  The  mag- 


BUY  WAR  BONDS! 


PIONEER 

GEN-E-MOTOR 

CORPORATION 
SMI-49  DICKENS  AVENUE 
CHICAGO  39,  ILLINOIS 
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CHICAGO  TRANSFORMER 


horisontal  component  of  the  earth’s  i 
magnetic  field.  I 

Tett  Model 

In  our  tests,  this  derice  was  con¬ 
structed  with  an  armature  ten  cm 
long  surrounded  by  an  exciting  coil 
four  inches  in  diameter.  The  out¬ 
put  of  the  crystal  pickup  was  ampli¬ 
fied  by  a  small  amplifier  having  an 
amplification  of  approximately  sixty 
db.  The  output  of  the  amplifier  and 
a  portion  of  the  current  passing 
through  the  exciting  coil  were  com¬ 
pared  by  a  dynamometer  type  of 
left-right  indicator  of  the  type  used 
on  Fairchild  radio  compasses.  With 
this  arrangement,  we  were  able  con¬ 
sistently  to  obtain  fuH-scale  read¬ 
ings  of  the  left-right  indicator  with 
deviations  of  the  armature  of  only 
i  deg  from  the  balanced  east-west 
position. 

Mechanical  vibrations  transmit¬ 
ted  to  the  armature  from  the  out- 
.  side  were  kept  out  of  the  amplifier 
by  a  suitable  high-pass  filter  which 
suppressed  the  low-frequency  vibra¬ 
tions  and  permitted  the  four-hun¬ 
dred  cycle  operating  frequency  to 
pass. 

A  model  of  this  device  was  flown 
in  our  laboratory  plane,  and  results 
approaching  those  obtained  in  the 
laboratory  were  obtained. 

Additional  information  may  be 
obtained  by  referring  to  United 
States  Patent  2,331,617,  or  from 
the  author  at  Fairchild  Camera  and 
Instrument  Corp. 


P^rmetically  Sealed 

TRANSFORMERS 

of  Proven  Design  . . . 

In  Full  Produdion  -  Short  Delivery 


X-Ray  Irradiation  of 
Quartz  Crystals 

The  technique  of  permanently  al¬ 
tering  the  frequency  of  quartz 
plates  by  subjecting  them  to  x-ray 
irradiation  and  so  changing  the 
atomic  properties  of  the  quartz  it¬ 
self  is  described  by  ClifiFord  Fron- 
del,  director  of  research  at  Reeves 
Sound  Jjaboratories,  in  the  October 
issue  of  The  Radio  Engineers 
Digest.  Results  of  the  experimental 
work  accomplished  and  a  discussion 
of  the  various  factors  involved  are 
contained  in  the  article,  from 
which  the  following  is  abstracted. 

When  a  BT  quartz  oscillator- 
plate  is  irradiated  with  x-rays,  or 
by  certain  other  radiations,  it  grad- 
oally  becomes  smoky  in  color  and 
at  the  same  time  the  oscillation  fre¬ 
quency  decreases.  Similar  effects 
are  obtained  with  oscillator  cuts 
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We  are  in  full  production  on  Hermetically 
Sealed  Transformers  and  ready  to  accept  orders 
for  short  delivery. 
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There  has  been  a  definite  need  for  a  superior  lock  to  be 
used  with  flat  disc  dials  of  various  thicknesses.  We  couldn’t 
buy  a  dial  lock  with  all  the  required  features ...  so  we  built 
one,  and  now  offer  a  custom  built  dial  lock  at  mass 
production  prices.  Originally  designed  for  use  with  the 
Techrad  Counterdial,  as  illustrated,  the  Techrad  Dial  Lock 
is  readily  adaptable  to  other  disc  dials  mounted  either 
front  or  rear  of  panel. 

The  Techrad  Dial  Lock  is  simply  constructed,  employ- . 
ing  the  established  right  hand/left  hand  thread  principle 
wherein  two  metal  discs  come  together  or  go  apart.  This 
does  not  permit  the  lock  to  drag  or  scrape  on  the  dial 
when  disengaged,  and  it  is  impossible  to  distort  or  bend 
the  dial  scale  when  locked.  Hairline  accuracy  of  the  setting 
is  maintained  when  the  dial  is  locked  because  the  two 
locking  discs  do  not  rotate.  By  withdrawing  the  retaining 
pin,  either  disc  may  be  rotated  independently  which  allows 
exact  centering  at  all  times  and  provides  adjustment  for 
dial  scales  of  varying  thicknesses.  With  dial  scales  of  aver¬ 
age  thickness,  the  lock  may  be  completely  engaged  by  less 
than  a  270  degree  rotation  of  the  knurled  thumb  screw. 

This  new  Techrad  Dial  Lock  is  sure  to  supply  your 
demand  for  a  better  lock.  Write  now  for  complete  infor¬ 
mation  and  price  data. 

Master  Engineering  takes  nothing  for  granted. 


Technical  Radio  Company 


275  Ninth  Street  •  San  Francisco  3,  California 

Exporf  Agtnts: 

Frozar  &  HanMn,  301  Clay  St.,  San  Francisco  1 1,  California,  U.  S.  A. 


EXPERIENCE 

PLUS 


Qg^ 


Pictured  above  is  a  section  of  an  assembly  line  in  one  of  our  St.  Joseph  plants. 


SAVE  TIME  and  GRIEF 

by  having  Whitaker  produce  your  wiring  assemblies 


A  quarter  of  a  century  of  experience  is 
made  available  to  you  when  you  turn 
your  wiring  harness  and  assembly  jobs 
over  to  Whitaker. 

You  will  find  that  the  statement 
"Whitaker  can  wire  it”  is  no  idle  boast 
...  We  have  the  experience,  plus  ample 
plant  facilities  for  volume  production  .  .  . 


All  Whitaker  produced  assemblies  are 
engineered  to  specifications,  and  pass  ex¬ 
acting  inspections. 

In  addition  to  custom-built  engineered 
wiring  assemblies,  Whitaker  also  offers  a 
quality  line  of  standard  stock  cable  prod¬ 
ucts  ...  We  cordially  invite  you  to  write 
and  advise  us  of  your  needs. 


WHITAKER  CABLE  CORPORATION 

General  Offices:  1307  Burlington  Avenue,  Kansas  City  16,  Missouri 
Factories:  Kansas  City,  Mo.  •  St.  Joseph,  Mo.  •  Philadelphia  •  Oakland 
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other  than  the  BT,  and  with  sub* 
stances  other  than  quarts.  The 
total  frequency  change  that  can  l)e 
effected  increases  with  inoressi  g 
initial  frequency  of  the  plate,  and 
can  be  roughly  estimated  for  a 
given  frequency  on  the  basis  of  a 
decrease  of  approximately  0.02  per¬ 
cent  in  the  frequency-thickness  con¬ 
stant  of  irradiated  quartz.  There 
is,  however,  a  considerable  vaca¬ 
tion  in  response  among  diffqfent 
crystals  of  the  same  fre^ncy; 
in'  an  unsensitized  S-ipegacyde 
plate  the  observed  totsl  response 
varies  betw^n  600  and  8000  cycles, 
with  an  average  change  of  about 
1400  cycles.  The  rate  of  change  of 
frequency  is  primarily  determined 
by  the  intensity  and  wavelength  of 
the  x-radiation  employed.  The  rate, 
like  the  total  change,  also  increases 
with  increasing  initial  frequency  of 
the  plate.  Rates  now  achieved  in 
production  in  the  Reeves  plant 
average  about  40  cycles  change  per 
minute  in  8-megacycle  plates.  A 
considerable  increase  over  this  rate 
can  be  expected  from  Philips  x-ray 
equipment  designed  for  the  pur¬ 
pose.  The  change  in  frequency  on 
irradiation  is  accompanied  by  lit¬ 
tle  or  no  change  in  crystal  activity. 

Baking  Revartaa  Action 

The  frequency  change  brought 
about  by  radiation  can  be  reversed, 
and  the  plate  restored  to  its  original 
frequency,  by  baking  at  tempera¬ 
tures  over  about  175  deg.  The  rate 
of  reversal  increases  with  increas¬ 
ing  temperature  and  is  practically 
instantaneous  above  400  deg  C.  Ir¬ 
radiated  plates  have  been  found  to 
be  stable  below  175  deg  C. 

The  fact  that  the  frequency 
change  is  downwards  from  the  orig¬ 
inal  value  permits  the  salvage  of 
plates  that  have  been  overshot  in 
frequency  during  manufacture,  pro¬ 
vided  that  the  desired  frequency 
change  is  within  the  range  of  the 
radiation  technique.  Similarly, 
plates  that  have  gone  over  fre¬ 
quency  due  to  ageing,  re-cleaning, 
or  under-plating  may  be  recovered. 
At  the  present  writing,  roughly 
1000  over-frequency  plates  are  be¬ 
ing  recovered  per  week  by  x-rays 
in  the  Reeves  plant 
Another  advantage  of  the  method 
arises  in  that  the  frequency  of 
stabilized  crystals  can  be  adjusted 
without  disturbing  the  surface 
condition  of  the  quartz.  Plates  cao 


PILFER  .SOLDERING  (both  internal 
and  external)  used  in  all  connections 
•  .  .  tight,  evenly  spaced  winding  upon 
Steatite  cores  .  .  .  conservative  ratings 
in  accordance  with  NEMA  standards 
.  .  •  rigid  inspection  at  every  stage  of 
production  . .  .  are  some  of  the  reasons 
why  this  is  a  good  line  for  YOU.  .  .  . 


Write  far 

Campiete  JVetr  Cataiag 
Dept,  4 
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for  your  post-war  radio 


For  distinct,  accurate  tuning,  include  in 
your  post-war  radio  manufacture  the  variable 
air  condensers  and  push  button 
tuning  devices  of  Radio  Condenser  Company. 


The  job  these  condensers  are  doing 
today  in  bringing  every  message  distinctly 
and  accurately  to  the  men  in  our  ^ 

armed  forces  —  should  warrant  your  using 
'them  to  assure  the  same  distinct 
tuning  in  commercial  sets. 


Because  of  their  recognition  today,  we 
heartily  recommend  them  for  your  post-war  radio 
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&  ElECTROItflCS  CO. 

212  Fullon  Street,  New  York  7.  N.  Y 


also  be  finished  to  have  a  desired 
frequency  at  a  specified  tempera¬ 
ture  by  irradiation  to  frequency 
while  held  at  that  temperature. 
The  greatest  advantage  of  the 
method,  however,  is  that  frequency 
adjustment  can  be  brought  under 
continuous,  visual,  control  by  oscil¬ 
lating  the  crystal  in  the  x-ray  beam 
until  it  reaches  the  desired  fre¬ 
quency  and  then  stopping  the  treat¬ 
ment.  This  can  be  accomplished 
while  the  crystal  is  mounted  in  its 
permanent  holder,  if  the  latter  is 
suitably  designed,  or  in  a  temporary 
holder  so  made  as  to  permit  en¬ 
trance  of  the  x-ray  beam.  Fre¬ 
quency  adjustments  of  the  highest 
precision  can  be  attained  in  this 
way. 

The  irradiation -to -frequency 
technique  is  of  special  advantage  in 
the  manufacture  of  ultrahigh  fre¬ 
quency  plates,  in  the  range  over  15 
megacycles,  since  the  conventional 
methods  of  finishing  crystals  here 
become  very  difficult  to  control 
while  the  radiation  technique,  on 
the  other  hand,  is  at  its  maximum 
power. 

Magnitude  of  Change 

The  rate  of  change  of  frequency 
of  a  quartz  oscillator-plate  dui;jng 
irradiation  is  rapid  at  first  but  then 
decreases  and  approaches  zero  at 
saturation.  At  this  point  there  is 
no  further  change  in  frequency  on 
continued  exposure  to  the  x-rays. 
The  total  change  of  frequency  that 
can  be  effected  is  variable  and  de¬ 
pends  on  a  number  of  factors. 
Among  these  are  the  type  of  cut 
of  the  plate,  the  treatment  given 
to  the  plate  prior  to  irradiation,  the 
kind  of  radiation  employed,  and  the 
initial  frequency,  or  thickness,  of 
the  plate  itself.  There  also  is  a  con¬ 
siderable  variation  in  response 
among  different  specimens  of  raw 
quartz  and  hence  between  different 
plates  of  the  same  frequency  cut 
therefrom.  The  time  needed  to 
effect  saturation  appears  to  be  con¬ 
stant  for  plates  of  a  given  fre¬ 
quency  regardless  of  the  total 
amount  of  change  provided  that  the 
conditions  of  irradiation  are  iden¬ 
tical.  The  observed  variation  in 
saturation  value  in  8000-kc,  BT-cut, 
plates  is  roughly  from  600  to  3000 
cycles  decrease,  with  an  average 
change  of  approximately  1400  cycles 
decrease. 

The  average  saturation  value  is 
a  function  of  the  initial  frequency, 


OVERS! 


7  SEND  FOR  , 
THIS  MASSIVE 


Buying  Guide 
•today! 


Avoilabl*  without  chorg*  to  author'' 
ized  purchasing  agents,  anginaors 
and  expaditers,  who  writ*  to  us 
on  Company  stationary,  stat¬ 
ing  their  title. 

Address  Box  DR 


O  PARTS 
e  TUBES 

IM^TRIAL 


Telephone  BArctay  7-1840 
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WHEN  YOU  SPECIFY  SMALL  METAL  TUBING 

to  MAXIMUM  O.D. 

IN  THESE  METALS: 


SEAMLESS: 

Stainless  Steels 
Carbon  Steels 
Alloy  Steels 
Nickel 

WELDRAWN;  Stainless  Steels, "Monel' 


"Monel"  and  "Inconel” 
Aluminum 

Copper  and  Beryllium  Copper 


TO  THESE  STANDARD  TEMPERS: 

Temper  .  .  .  Annealed 
Temper  #2  .  .  .  Half-hard 
Temper  .  .  .  Full-hard 
Special  tempers  to  your  specifications 

OR  ANODE  AND  CATHODE  SLEEVES. 

Seamless,  Lockseam,  Lapseam 


(^^iM  . . .  SfiecCdiUt^  m  "pieid 


"*•11  IH 


FOR  EVERY  SMALL  TUBING  APPLICATION  FROM  00  DOWN 


PERIOR  Seamless  in  various  analyses.  WELDRAWN  - 


'  Welded  and  drawn  Stainless,  **Moncl”  and  **1nconel 


SEAMLESS  and  Patented  LOCKSEAM  Cathode  Sleeves 
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or  thickness,  of  the  plate  ana  in¬ 
creases  with  increasing  frequency. 
Preliminary  measurements  indi^'ate 
that  the  average  change  in  BT 
plates  of  a  particular  frequency  can 
be  calculated  on  the  assumption 
that  the  frequency-thickness  con¬ 
stant  of  irradiated  quartz  is  less  by 
some  constant  amount  than  in  ordi¬ 
nary  quartz.  It  is  seen  that  the  av¬ 
erage  decrease  in  this  constant  is 
equivalent  to  a  1400  cycle  average 
saturation  value  in  an  8000-kc  plate. 
Using  the  relation : 

frequency  in  cycles  =  If/thick¬ 
ness  of  plate  in  thousandths  of  an 
inch  where  K  for  ordinary  BT 
plates  is  ^  100  x  10*  cycles  per  sec¬ 
ond  per  0.001  inch,  and  the  plate 
thickness  is  constant,  the  value  of 
K  for  irradiated  quartz  is  found  to 
be  99.9825  x  10*.  In  a  table,  are 
given  the  corresponding  total  fre¬ 
quency  changes  that  can  be  effected 
over  the  range  of  BT  frequencies 
from  3  to  50  megacycles.  The  table 
also  includes  total  frequency 
changes  over  this  range  for  values 
of  K  equivalent  to  various  satura¬ 
tion  values  up  to  12-kc  plates. 

A  rough  idea  of  the  magnitude 
of  the  frequency  change  to  be  ob¬ 
tained  between  different  pieces  of 
quartz  can  be  gained  from  the  lum¬ 
inescence  phenomena  described  in  a 
later  section  and  from  the  original 
color  of  the  quartz.  Generally 
speaking,  colorless  quartz  shows  a 
wide  variation  from  specimen  to 
specimen  in  the  degree  of  response 
In  color  to  radiation.  On  the  other 
hand,  deep  smoky  quartz  and  cit¬ 
rine  uniformly  show  a  relatively 
small  response.  Amethyst  quartz  is 
entirely  unaffected.  If  amethyst  is 
first  decolorized  by  baking,  irradia¬ 
tion  restores  the  amethystine,  color. 
Rose  quartz,  which  contains  traces 
of  titanium  in  solid  solution,  de¬ 
velops  an  extremely  intense,  almost 
black,  smoky  color.  Chalcedony  is 
weakly  affected  by  x-rays  and  alter¬ 
nate  bands  in  the  mineral  may  be¬ 
come  unequally  colored.  Opal  is  not 
affected.  Tridymite,  an  orthorhom¬ 
bic  polymorph  of  SiO„  is  deeply 
colored  by  x-rays. 

Methods  of  Irradiating  Plates 

With  the  x-ray  technique,  the 
crystal  must  be  placed  as  close  as 
possible  to  the  window  of  the  x-ray 
tube,  preferably  within  distance  of 
one-half  millimeter,  and  the  x-ray 
beam  should  be  made  as  intense  as 


Far  mare  than  10  years 

we  have  been  manufacturing  crystals.  Not 
only  are  we  crystnl^  manufacturers,  but 
crystal  specialists  as  well.  Consult  us  on  your 
“crystal  problems’’. 


Council  Bluffs,  Iowa 


CItrSTALS  EXCiUSIVELf  SINCE  1934 


I  m 
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CopcKity  100  mmf 
Spacing  .022'' 


-A 


M 


K-140 

Maximum  Capacity  140  mmf 
Minimum  Capacity  6  mmf 
Has  39  plates  spaced  .033“ 
(Photo  116  times  actual  siie 


Use  this  reliable 
West  Coast  source  for 
Variable  Air  Condensers 

Kaar  Engineering  Company  now 
offers  prompt  delivery  of  stand¬ 
ard  and  special  types  of  variable 
air  condensers  suitable  for  many 
applications  in  radio  transmitters 
and  receivers.  They  are  particu¬ 
larly  useful  as  tank  and  antenna 
tuning  capacitors  in  low  and  me¬ 
dium  power  transmitters. 


The  small  cross-section  of  Kaar 
condensers  allows  a  number  of 
them  to  be  assembled  in  multi¬ 
channel  radio  equipment  in  a 
minimum  amount  of  space.  Every 
Kaar  capacitor  is  substantially 
constructed  with  soldered  and 
plated  brass  rotor  and  stator  plates. 
Shafts  can  be  furnished  slotted  for 
screwdriver  adjustment,  and  ta¬ 
pered  lock  nuts  and  split  bushings 
assure  positive  locking  without 
disturbing  the  adjustment. 

Special  types  are  available  with 
very  wide  air  gaps,  double  rotors 


KAAR 


VARIABLE 
AIR  CONDENSERS 

FOR  TANK  CIRCUIT 
AND  ANTENNA  TUNING 


and  stators,  high  maximum  capac¬ 
ities  or  special  mounting  brackets. 
Further  information  will  be  glad¬ 
ly  furnished  upon  request. 

KAAR 

ENGINEERING  CO. 

PALO  ALTO,  CALIFORNIA 


ixport  Agmiits:  FRAZAR  AND  HANSIN 
301  Clay  Straat  •  Son  Francitco,  CalH. 


MICROPHONES— Typ*  4.C 
singla  button  corbon.  Su- 
porb  voico  quality,  high 
output,  moitturo- ro>i$tont. 


POWER  PACKS  — Hoovy 
duty  vibrators  and  powor 
tupplios  for  tronsmittors,  rg- 
coivort.  6,  13,  33  volts  OC. 


TRANSMITTERS  —  Mobil*, 
fnorin*,  ond  control  station 
tronsmittors  for  modium  ond 
high  froquoncios.  Instant 
footing,  quickly  sorvicod. 


MOBILE  RECEIVERS  —  Crystal 
controllod  suporhotorodynos 
for  modium  and  high  froquon- 
cios.  Easy  to  sorvic*. 


CRYSTALS—  Low-drift  quorti 
plotos.  Fundomontol  and 
harmonic  typos  ovoilobl*  in 
vorious  holdors. 
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since  the  photo-electric  '  e- 
sponse  of  the  quartz  appears  to  bs 
directly  proportional  thereto. 

The  wave-length  of  the  x-rays 
employed  should  be  so  selected  as  to 
yield  maximum  absorption  in  the 
total  thickness  of  the  quartz  plate 
being  irradiated.  For  example,  soft 
x-rays  are  strongly  absorbed  and 
are  relatively  efficient  in  producing 
ionization,  but  their  penetrating 
power  is  low  and  hence  they  may 
not  penetrate  through  a  thick  crys¬ 
tal.  On  the  other  hand,  hard  x-rays 
penetrate  deeply  but  their  absorp¬ 
tion  and  ionizing  power  is  relatively 
low  and  hence  the  greater  part  of 
the  energy  in  the  x-ray  beam  might 
be  transmitted  through  a  relatively 
thin  crystal.  Considering  the  vari¬ 
ous  factors  involved,  copper  radia¬ 
tion  is  best  for  general  use. 

Foreign  material  such  as  metal, 
glass,  or  plastic  sheets  should  not 
be  placed  in  front  of  the  crystal 
during  irradiation  since  this  will 
absorb  part  of  the  incident  radia¬ 
tion,  especially  the  relatively  effec¬ 
tive  soft  components,  and  thereby 
slow  down  the  change  in  the  quartz. 
X-rays  used  in  irradiating  oscil¬ 
lator-plates  should  not  be  filtered. 
If  the  crystal  is  irradiated  while  in 
a  bakelite  or  other  holder  or  if  it  is 
oscillated  in  a  special  holder  on  the 
tube  during  irradiation,  every  effort 
must  be  made  to  keep  the  shielding 
material  as  transparent  to  x-rays 
as  possible,  both  by  controlling  the 
thickness  and  the  composition  of 
the  material. 

Advantage  should  be  taken  of  the 
fact  that  quartz  crystals  can  be 
markedly  sensitized  to  the  effect  of 
x-rays  by  prior  baking  to  300 °C  to 
570 °C.  Baking  also  is  advantageous 
because  of  the  stabilizing  effect  it 
has  on  the  crystal.  Attention  should 
also  be  given  to  methods  of  increas¬ 
ing  the  efficiency  of  the  radiation 
by  coating  or  backing  up  the  crys¬ 
tal  with  a  highly  scattering  metal 
or  substance.  The  plate  that  im¬ 
mediately  supports  the  crystals  in 
the  irradiation  jig  should  be  made 
of  nickel,  since  this  metal  will  give 
the  maximum  amount  of  back-scat¬ 
tering  in  copper  radiation. 

^  Every  care  must  be  taken  to 
shield  the  operator  both  from  dirtct 
and  scattered  radiation.  Irrac'ia- 
tion  jigs  should  be  pompletely 
shielded  by  lead  sheets^not  leas  than 
1-mm  in  thickness. 

Quartz  crystals  may  acquire  a 


Type  SR-2V.  Adjiutablc  aiounring  per¬ 
mits  settiag  low  drift  crystal  to  exact 
frequency.  Available  witn  or  witbout 
beadng  unit. 


Type  SR-100.  100  Kc  crystal  ualt. 
New  design  new  stability.  Designed 
for  mounting  in  standard  Sve-proni 
tube  socket. 


Type  SR.P.  Standard  three-quarter  inch 
AT  or  BT,  pressure  mounted.  Avail¬ 
able  in  frequencies  from  1  Me  to  5  Me. 
Special  cuts  to  order. 


Type  SR-F.  Typical  of  a  sride  variety 
of  crystals  carried  in  stock  for  civilian 
aircraft  requirements.  Available  in  all 
standard  frequencies. 


SCIENTIFIC  RADIO  PRODUCTS  CO 


rugged  construction,  jewel-like  pre¬ 
cision  and  time-tested  performance 
— advantages  which  have  made  our 
crystals  first  choice  with  those  seek¬ 
ing  the  finest. 

Your  plans  may  include  equip¬ 
ment  in  which  crystals  are  used. 
Perhaps  other  developments  of  our 
engineers  may  be  just  what  you’re 
looking  for.  Call  on  us.  We’ll  be 
glad  to  work  with  you  on  any  prob¬ 
lem. 


There’s  always  a  trail-blazer  with 
the  birth  of  a  new  industry.  At 
Scientific  Radio  Products  we  were 
among  the  first  to  pioneer  and  intro¬ 
duce  mass  production  of  faultless 
crystals  to  serve  our  nation  at  war. 
Latest  development  of  our  research 
engineers  is  a  new  plated  crystal  re¬ 
cently  approved  by  the  Signal  Corps. 

Today,  in  Scientific  crystal  units 
you  have  the  UNBEATABLE  COM¬ 
BINATION  of  modern  design. 


738  W.  BROADWAY,  COUNCIL  BLUFFS,  I A 


MANUPACTURIRS  OP  RlIZO  fliCTRIC  CRYSTALS  AND  ASSOCIATIO  IQUIRMINT 
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hat  the  strain  gage  is  qnick  to  see 


face  of  a  structural  element  when  rosette  gages  are  usetl. 


•R  THE  RAPID  determination  of  static  or  dynamic  strains 


Vector  Computer  lype  30-101.  . 


Pacific  Coast  Branch:  180  East  California  St.,  Pasadena  5,  California 


420  LEXINGTON  AVE.,  NEW  YORK  17,  N.  Y. 


11  large  or  complex  structures,  Waugh  offers  a  range  of 
!  iiiinicntsof  extraordinary  value.  There  is  the  12-channel 
train  gage  control  unit  which,  together  with  recording 
^juipnient,  permits  12  simultaneous  measurements  of 
ii ail)  and  vibration.  With  this  equipment,  strain  frequen¬ 
ts  from  o  to  1 500  cy’cles  can  be  recorded. 

Then  there  is  the  vector  computer ...  a  robot  brain  for 
he  evaluation  of  linear  strain  measurements  on  the  sur- 


The  output  of  the  instrument  furnishes  directly  the  prin¬ 
cipal  stresses  as.  well  as  the  stresses  or  strains  at  any  angle 
to  the  axes  of  the  rosette. 

These  instruments  are  indicative  of  the  range  of  modern 
instruments  available  through  Waugh  Laboratories.  Write 
lor  details— strain  t.»age  cx>n- 
trol  Unit  Type  MRCio  and 
Vector  Computer  Type  30-101. 


static  electric  charge  during  irradi-  ' 
ation,  especially  if  they  are  plai 
directly  in  contact  with  the  win¬ 
dow,  and  thereby  may  attract  piir- 
tides  of  dust  to  their  surface.  This 
dust  can  be  blown  off  with  coin- 
pressed  air — a  much  easier  pro¬ 
cedure  than  trying  to  remove  the 
static  charge.  Under  certain  con¬ 
ditions  tlii^  metal  parts  of  water 
cooled  tubes  may  sweat  and  mois¬ 
ture  may  deposit  on  the  surface  of 
the  crystals.  This  can  be  overcome 
by  proper  design  of  the  irradiation 
jig  and  the  tube  housing. 

Silver  plated  crystals  may  darken 
during  irradiation  if  ozone  is  de¬ 
veloped  in  the  x-ray  tube  housing. 
The  ozone  can  be  eliminated  by 
proper  insulation  and  shielding  of 
the  high  tension  thereby  preventing 
corona  and  flash-overs.  Gold,  nickel 
and  aluminum  plated  crystals  have 
been  observed  to  be  affected  in  this 
way. 

The  x-ray  beam  where  it  hits  the 
crystal  should  be  large  enough  in 
cross  section  to  completely  cover 
the  critical  area.  In  most  types  of 
shear  mode  plates,  less  than  50  per¬ 
cent  of  the  total  area  of  the  crys¬ 
tals  has  to  be  irradiated  to  gain 
maximum  effect. 


Photo  CowtMT 
Supremo  luotnuneati  Oorp. 
Oreeiiffood,  MIh. 


^ries  500  (.500"  diameter  discs)  is  the 
general  service  unit  of  the  Conant  family 
of  instrument  rectifiers.  Its  design  and 
construction  are  the  result  of  more  than 
eleven  years  of  constant  experience 
and  close  co-op)eration  with  instrument 
manufacturers. 

Here  is  a  rectifier  that  will  take  accidental 
overloads  in  its  stride  without  damage 
because  of  its  rugged  construction  and 
ample  disc  area. 

Assembly  operations  are  simple  and  speedy 
with  its  single  mounting  stud.  For  all 
general  applications  at  commercial  and  lower 
audio  frequencies,  you’ll  be  wise  to  choose 
Conant’s  “Old  Faithful”  Series  500. 


PHOSPHOR  AUTOCLAVES 


Hydrogen  sulphide  horn  the  tank  at 
lower  right  posses  through  six  stages  ei 
gas  puriiicatloB  before  going  to  steom 
iacketed,  glass-lined  outoclaree  mount¬ 
ed  at  top  of  stand.  The  smelly  gos  Is 
used  in  the  manufacture  of  phosphori 
for  cathode-roy  tubes  ot  the  Dobbs 
Ferry  plont  of  North  American  Philips 


6500  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


4214  Country  Club  Dr .J.ongB«ach7,Cal. 
4205  NX  22nd  Av«.,  Portland  1 1,  Ora. 
Coixo  Postal  930,  Sao  Paulo,  Braxil 
50  Yormoutb  Rd.,  Toronto,  Conoda 


20  Vaiay  St..  Now  York  7,  Naw  York 
85  E.  Gay  St.,  Colunibui,  Ohio 
600  S.  Michigan  Ava.,  Chicago  5,  IIL 
1215  Harmon  PI,  MinnaopoUt  3,  Mhm. 


2017  Grand  Ava.,  Kansas  City,  Mo. 
7935  Eustis  St,  Dallas  1 8,  Taxas 
401 8  Graar  Ava.,  St.  Louis,  Mo. 

1 526  Ivy  St,  Danvar,  Colo. 
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16  conditions  of 


pitch  ^ 
direction 


speed 


WBth  one  lead  »erew 


Fairchild  No.  539 
Fort  able  Recorder 


2491 


You  have  a  choice  of  four  pitches;  98, 118, 141  and  I6l  Kn« 
per  inch;  either  of  two  directions:  In  or  Out;  and  either  of 
two  speeds:  33.3  rpm  or  78  rpm.  Sixteen  conditions  in  afl 
provided  by  one  lead  screw  and  its  simple  related  mechanism 
on  a  Fairchild  No.  539  Portable  Recorder. 

Other  recorders  require  eight  separate  feed  screws  to  obtain 
equal  flexibility. 

The  Fairchild  recording  head  mechanism  is  easily  operated. 
The  octagonal  reading  scale  is  mounted  directly  in  back  of 
the  carriage  mechanism.  It  is'  calibrated  in  minutes  for  each 
pitch,  speed,"  direction.  It  shows  the  minutes  of  recording 


completed;  the  minutes  remaining.  It  is  set  by  rotating  the  j 
scale  until  the  required  conditions  appear  at  the  top. 

Pitch  is  selected  by  snapping  one  of  four  gears  into  place. 
Direction  is  controlled  by  the  movement  of  a  lever.  All  i 
without  the  use  of  a  single  tool. 

The  Fairchild  No.  539  Portable  Recorder  is  built  with  long 
practiced  precision  skill  to  meet  the  exacting  demands  of 
radio  and  communications  for  smdio-quality  recording  in  the 
field.  Descriptive  and  priority  data  are  available.  Address 
New  York  Office:  475  •  10th  Avenue,  New  York  18;  Plant: 
88-06  Van  Wyck  Boulevard,  Jamaica  1,  N.  Y. 
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Matching  th«  Cathode  Follower  to  a  Transmission  Line 
Scoling  Test  oi  OFHC  Copper  for  the  Housekeeper  Seal 
A  Neon-Counter  ior  Medical  Resecorch . 


Matching  Cathode  Follower  to  Transmission  Line 
By  L.  R.  Malling 

8»n  Diego,  CaUf.  ^ 


Qru method  oi  mcrtchina 
<i.<oPoW*r  tub*  to  a  transmis 
aion  lin*  by  ^^Irylng  th*  grid  potontiat 
to  change  th*  internal  impedance  of  th* 
tub* 


Unless  special  precautions  are 
observed,  it  is  unlikely  that  the  ef¬ 
fective  internal  impedance  of  a  tube 
used  as  a  cathode  follower  will 
match  .a  transmission  line  exactly. 
To  overcome  this  condition,  it  has 
been  common  practice  to  shunt  the 
line  with  a  small  value  of  resistance 
or  to  add  resistance  in  series  with 
the  line  to  ensure  a  more  exact 
match. 

Due  to  the  effect  of  feedback,  the 
internal  impedance  of  a  cathode 
follower  is  reduced  to  a  value  which 
is  equal  to  the  reciprocal  of  the  mu¬ 
tual  conductance  or  l/g„.  Thus  a 
tube  with  a  mutual  conductance  of 
6000  micromhos  will  have  an  in¬ 
ternal  impedance  due  to  negative 


feedback  of  200  ohms.  It  is  desir¬ 
able  to  select  a  tube  with  a  such* 
that  the  effective  •  internal  imped¬ 
ance  comes  as  close  to  the  im¬ 
pedance  of  the  transmission  line  as 
possible.  Tubes  of  the  6J6  type  are 
particularly  suited  for  this  purpose, 
as  with  the  twin  triodes  tied  in 
parallel,  the  g^  is  of  the  order  of 
10,000. 

An  exact  match  is  made  when  the 
alternating  voltage  across  the  cath¬ 
ode  circuit  is  exactly  half  the  grid 
to  ground  voltage,  a  measured  check 
that  can  be  quickly  and  conveniently 
made.  The  voltage  across  the  cath¬ 
ode  circuit  is  given  by  E,  =  E,  g„  R, 
where  F,  is  the  voltage  across  the 
cathode  load,  is  the  grid  to 


ground  voltage,  and  R  is  the  effec¬ 
tive  cathode-to-ground  impedance 
formed  by  the  shunt  value  of  the 
impedance  of  the  transmission  line 
and  the  internal  impedance  of  the 
tube  under  the  negative  feed-back 
or  cathode-follower  condition. 

The  g,.  of  a  tube  may  be  consid¬ 
ered  to  be  a  factor  dependent  on 
the  plate  current,  so  that  we  have  at 
once  a  useful  method  of  controlling 
the  effective  internal  impedance  of 
the  tube^  when  used  as  a  cathode 
follower.  By  making  the  grid  po¬ 
tential  variable  it  can  thus  be  seen 
that  a  perfect  match  to  a  transmis¬ 
sion  line  can  be  obtained. 


ELECTRONIC  FLASH  WELDING 


Impedance  Meunurement 

The  internal  impedance  of  the 
cathode  follower  can  be  measured 
as  follows:  The  transmission  line 
is  replaced  by  a  resistor  of  equiva- 
alent  impedance  and  the  direct  d-c 
voltage  across  this  resistor  noted. 
A  small  additional  current  is  then 
applied  from  the  positive  plate  po¬ 
tential  through  a  known  resistor 
and  the  •  new  voltage  across  “the 
cathode  resistor  noted.  The  effec¬ 
tive  plate  current  in  the  second  test 
is  the  cathode  current  minus  the 
bleeder  .current.  We  thus  have  a 
small  plate  -  to  -  cathode  voltage 
change  .with  a  small  plate  current 
change,  from  which  the  effective  in¬ 
ternal  impedance  R,,  of  the  tube 
may  be  determined  from  ft,,  = 
dEridlr  where  dl,  and  dEr  are  the 
incremental  changes  in  the  plate 
current  and  the  plate-to-catho<le 
voltage  respectively.  In  the  case  of 
the  cathode  follower,  it  is  conven¬ 
ient  to  consider  voltages  in  relation 
to  the  fixed  plate  potential  as  a  con¬ 
venient  reference  point. 

In  the  above  discussion  it  is  as- 


Four  elmollaneous  flash  welds  or*  mod*  with  this  four-cornered  machine  which 
fabricates  ISO  metal  fromes  an  hour  from  metol  strips  0.05  inches  thick.  A  20  kro 
transformer  is  located  at  each  comer  and  controlled  by  an  electronic  welding  cycle 

control 
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"HEOsr/lTS 

^WOkes 


f  Designed  and  Built  • 
to  Withstand 

SHOCK 

VIBRATION 

TEMPERATURE  EXTREMES 
HUMIDITY 

»  ALTITUDE  • 


•  Because  tfaiby  are  so  consistently  reliable  in  actual 
service . . .  Ohmite  Rheostats,  Resistors,  Chokes  and 
Tap  Switches  have  become  "the  control  engineer's 
control  units." 

Shown  here  are  a  few  of  the  many  types  extensively 
used  in  military  and  industrial  equipment  The  wide 
variety  of  types  and  sires  in  stock  or  special  units  pro¬ 
vides  a  ready  and  exact  answer  to  most  applications. 

In  designing  for  war  or  postwar,  let  Ohmite  ex¬ 
perience  help  you. 


For  helpful  data  and  infor¬ 
mation,  write  on  company 
letterhead  for  Industrial 
Catalog  and  Engineering 
Manual  No;  40.  Address 
Ohmite  Manufacturing  Co., 
4818  Flournoy  Street 
Chicago  44,  111. 


OHMITE  MANUFACTURING  COMPANY 

4818  Flournoy  Street  Chicago  44,  U.S.A. 
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sumed  that  the  amplification  fac~ 
tor  is  large  compared  to  unity.  In 
the  case  of  pentode  or  screen  gr  d 
tubes,  this  is  always  the  case.  The 
slight  error  introduced  with  the 
majority  of  triodes  may  be  ne¬ 
glected.  The  effective  impedance 
for  the  case  of  a  triode  with  low 
amplification  factor  is  given  by 
+  1)  -where  r,  =  normal  plate 
resistance  and  fi  =  amplification 
factor. 

•  •  • 

# 

Scaling  Test  of  OFHC  Copper 
for  the  Housekeeper  Seal 

By  Ulric  J.  Hochschild 

Metallographer 

United  State*  Metal*  Refining  Co. 

Carteret,  S.  J. 

In  the  early  days  of  high-vacuum 
electronic  tube  research,  the  need 
of  a  method  for  producing  a  tight, 
lapped  joint  between  copper  and 
glass  tubes  was  encountered.  A 
method  was  devised  by  W.  G. 
Housekeeper  which  lent  itself  to 
quantity  production.  The  procedure 
takes  advantage  of  the  reaction  be¬ 
tween  cuprous  oxide  and  glass 
whereby  the  two  fuse  together  suf¬ 
ficiently  to  give  a  vacuum-tight 
seal. 

There  is  a  marked  difference  in 
the  thermal  expansion  of  copper 
and  of  glass,  and  difficulties  from 
this  fact  were  overcome  by  House¬ 
keeper  by  making  the  copper  wall, 
at  the  joint,  very  thin  so  that  the 
copper  could  deform  enough  to 
compensate  for  the  differential  in 
the  expansions.  The  copper  there¬ 
fore  must  not  only  have  the  prop¬ 
erty  of  forming  a  strongly  adherent 
scale  but  also  must  be  very  tough 
to  withstand  the  stresses  during 
cooling  of  the  joint.  After  con¬ 
siderable  investigation,  OFHC  cop¬ 
per  was  selected  for  this  work  and 
has  become  the  standard  in  the 
industry. 

In  order  to  be  certain  that  the 
copper  in  stock  is  the  correct  type, 
it  is  tested  before  allowing  it  to 
go  into  production.  Among  the 
tests  for  establishing  the  suit¬ 
ability  of  any  given  lot  of  copper 
is  the  co-called  “Scaling  Test” 
which  seems  to  be  well  adapted  to 
determining  the  probable  scale  ad¬ 
herence  in  pratice. 

This  scaling  test  has  assumed  a 
formal  status  and  it  therefore 
seemed  desirable  to  make  an  invest- 
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BAND  PASS  FILTEB 
FBEED  ^  aU  FIVE 

Freed  development  and  research  created  this  Band  Pass  Filter  which  is 
the  last  word  in  rugged  construction  and  specialized  engineering.  A  refer¬ 
ence  to  the  curve  provides  an  accurate  picture  of  its  performance.  Five 
points  of  superiority  are  five  good  reasons  why  Band  Pass  Filters  for  your 
post  WOT  products  should  be  by  Freed:;  1.  They  provide  maximum  per¬ 
formance  in  a  minimum  of  space;  2.  They  provide  high  attenuation  in  the 
stop  band,  with  low  insertion  loss;  3.  They  are  rigidly  tested  and  inspected 
lor  uniformity;  4.  They  are  available  in  a  complete  range  of  frequencies  to 
njeet  your  ‘  requirements;  5.  They  are  physically  constructed  for  rugged 
.  service. 

/'tt  +  .  for  transformers,  reactors,  fUters  for  your  postwar  products,  con- 
suit  freed  Engineering  Service  now.  Descriptive  f older  on  request. 

■|i|P  TRANSFORMED 
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When  a  product  scores,  ah  outstanding  service 
record — there’s  always  a  sound  "reason  why". 

In  the  case  of  Westinghouse  D-C  Capacitors, 
materials  .  .  .  processing  .  .  .  assembly  techniques 
. .  .  are  combined  to  produce  units  that  will  give 
maximum  life  under  the  most  severe  operating 
conditions  on  land,  sea  and  air. 

INONINPlAMMAtLI,  NONUVLOSIVI  "INKmN"— th*  safe 

dielectric  imprecnatinc  liqpid.  Ita  high  dielectric  constant 
provides  greater  capacitance  per  weight  and  volume 
other  insulating  mediums.  It  gives  maximum  stability  for 
high  temperatura  service.  ' 

2"S0LM1>SIAIJII#"— an  exclusive  Westinghouse  develop¬ 
ment  It  creates  a  hermetic  seal  between  porcelain  and 
metal,  in  all  Type  FP  Capacitors.  It  gives  positive  pro* 
tection  against  leaks,  moisture  entrance  or  any  contami¬ 
nation  that  might  rasult  from  breathing. 

3llJCTtONICAUY.COIiTtOUJD  WINDIIM— insures  freedom 
from  wrinkles  and  mechanical  damage  for  the  alumintun 
foil  and  Inertex  dielectric  paper  which  provide  the 
capacitance. 

•  Designers  of  communications  equipment  find 
that  the  complete  Westinghouse  line  meets  all 
requirements.  Capacitors  are  made  in  accordance 
with  A.S.A.  standards  CP>70  and  CP-71.  Range  is 
from  1,000  to  250,000  volts  d-c;  400  to  .001  mfds; 
for  use  in  ambient  temperatures  ranging  from 
— 40®  C  to  75®  C  For  complete  application  data, 
write  for  your  copy  of  B-3300.  Westinghotise 
Electric  &  Manufacturing  Company,  P.O.  Box  868, 
Pittsburgh  30,  Pennsylvania.  j-msm 


NpTE  THESE  FEATURES 
of  Type  FPC  (Porcsiain-ctad)  Capacitors 
for  higher  ratings 


#  End  closures  act  as  capacitor  terminals. 


#  Metal  case  and  bushings  required  by 
conventional  capacitors  are  eliminated. 


#  Over-all  dimensions  and  space  are  held 
to  a  minimum. 


#  For  higher  voltage  ratings,  units  can  be 
mounted  in  series. 


lOuse 


IHERTEEN  CAPACITORS 

For  The  Communications  Industry 
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igation  of  it  to  establish  the  opti¬ 
mum  conditions  for  conducting  it 
The  results  obtained  reveal  that 
the  tentative  test  procedure  of  heat¬ 
ing  at  860  deg  C  for  30  minutes 
was  not  far  amiss,  the  only  change 
indicated  is  to  shorten  the  time  of 
heating  to  20  minutes. 

Procedure 

The  rewmmended  procedure  for 
conducting  this  scaling  test  con¬ 
sists  of  heating  a  clean,  smooth 
specimen  of  the  cast  or  wrought 
copper  in  air,  at  850  deg  C  for  30 
minutes,  in  a  clean  muffle  furnace. 

The  furnace  used  by  us  comprises 
a  Sillimanite  beaker  heated  elec¬ 
trically.  Slow  air  circulation  is 
induced  through  the  beaker  by  a 
chimney  effect  produced  by  tubes: 
one  of  which  reaches  from  the 
upper  surface  of  the  cover  to  a 
point  near  the  bottom  of  the  verti¬ 
cally  disposed  beaker  and  the  other 
from  the  bottom  surface  of  the 
cover  upward  a  few  inches  above 
the  cover. 

After  heating,  the  specimen  is 
quenched  in  water.  An  inspection 
of  the  sample  after  this  treatment 
reveals  one  of  three  conditions  as 
far  as  the  scale  is  concerned:  (1) 
All  the  scale  adheres.  (2)  All  the 
scale  has  fallen  off  or  is  loose. 
(3)  The  scale  adheres  partially. 

In  condition  (1),  the  copper  has 
passed  the  test  and  is  considered 
suitable  for  glass  to  copper  seals. 

In  condition  (2),  the  copper  is 
definitely  unusable  for  glass  to 
copper  seals.  The  action  is  unques¬ 
tionably  true  scaling  having  the 
following  characteristics :  (a)  The 
detached  scale  is  in  sheets  or  flakes, 
retaining  the  shape  of  the  specimen 
surface,  (b)  The  scale  has  parted 
from  the  copper  at  the  copper-scale 
interface,  (c)  The  surface  of  the 
copper  is  all  exposed,  although  it 
may  be  discolored,  or  not  quite 
clean. 

In  condition  3,  two  types  of 
shedding  can  occur.  Either  true 
scaling,  but  incomplete  because  the 
content  of  the  contaminating  ele¬ 
ment  which  causes  scale  shedding 
is  very  small  (border-line  case) ;  or 
scale  loss  is  caused  by  mechanical 
stresses  set  up  in  cooling.  The 
latter  type  is  characterized  by  chip¬ 
ping  or  fracturing  of  a  conchoidal 
nature.  It  usually  takes  place  at 
such  favorable  locations  as  sharp 
comers,  deep  scratches  or  stria- 


herma  I  Conductivitjr 


Xhermal  conductivity  of  Chace  Man¬ 
ganese  Alloy  No.  772  is  far  below  the 
values  of  alloys  ordinarily  used  for  low 
heat  transfer  applications.  It  is  less  than 
50  %  that  of  steel  * . .  less  than  10  %  that 
of  brass  . .  *  and  only  2  %  that  of  copper. 


J3arriers  of  this  alloy  have  been  used 
to  reduce  heat  losses  by  50%.  Where  heat  losses 
tend  to  upset  action —  or  where  handles  or  other 
parts  of  devices  must  be  kept  cool — try  Chace 
Alloy  No.  772. 


Xhis  alloy  has  also  high  electrical 
resistivity^  1050  ohms  per  circular  mil 
foot  •  •  •  a  temperature  coefficient  of 
expansion  twice  as  great  as  that  of 
ordinary  steel ...  a  vibration  damping 
constant  about  25  times  greater  than 
steel.  It  is  available  in  sheets  from  .003*^ 
up  in  thickness,  and  from  .0625*'  to  6** 
wide  •  •  •  in  rods  down  to  .125"  diameter 
* . «  in  wire  down  to  16  gauge  .050"  ... 
and  also  in  special  shapes. 


Complete  engineering  and  research  facilities 
available . . .  Bulletin  No.  A-942,  giving  detailed 
information,  is  yours  for  the  asking. 


Thermostatic  Bimetals  and  Special  Alloys 

1630  BEAJtD  ilVI  •  OfflROrT  9,  MKH. 
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THi  MANY  MILUONS  INSTALLED  IN  1f4i  IS 

POSTWAR  VALUE 

The  story  ot  Franklin*!  eeriea  39  Radio  Socket,  with  patented  ] 
"U**  shaped  bow  spring  action  contacts,  is  most  remarkable 
. . .  derekpiki  and  potmited  early  in  1938  it  received  imme* 
dkrte  acceptance  and  approved  by  practically  all  the  radio 
set  monuiactuxers  omd  became  standard  equipment  with  most 

Series  39  sockets  should  be  riveted  to  the  ohessis  to 
become  e  permenent  pert  of  the  set ...  no  replacement 

will  be  necessary  as  the  socket  will  outlive  the  set. 

• 

Series  39  sockets  were  the  favorite  yesterday  and  will  be 
the  favorite  tomorrow  for  standard  broadegst  receivers. 


,  oQ  D'V’ep’o’'  .-..ariooi. 
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Battery  o"  .o-rd  o  corrrp'-^ 

„  wr.te  »or  the  N  oo'.cie  <or 

.  .,„,^aded  o  corr^ple 
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Bow  spring  oction 
maintains  resiliency 
even  after  installation 
of  oversize  pins 


Direction  of  metal 
grain  prevents  breok- 
ing  of  soldering  toil 
and  permits  rough 
handling  in  production 


“U"  shaped  contact  provides  separate 
soldering  tail  which  prevents  solder  from 
flowing  into  contact  body 


The  39G  contact  has  a  soldering  tab  to 
eliminate  wiring  to  ground  .  .  .  can  be  in¬ 
serted  in  any  position  where  grounding 
is  desired. 


SOCKETS  •  TERMINAL  STRIPS  •  PLUGS  •  SWITCHES  •  PLASTIC  FABRICATION  •  METAL  STAMPINGS  •  ASSEMBLIES 

175  VARICK  ST.,  NEW  YORK  14,  N.  Y. 


2833  13th  Ave.  S.,  Minneapolis,  Minn 


tions  and  dents  or  bruises  in  the 
copper.  Very  little  copper  surface 
is  expA|ed  and  the  parting  is  in  the 
scale  its^.  This  kind  of  scalirg 
is  also  recognized  by  the  exi^oeioa- 
like  nature  with  which  the  particles 
of  scale  ily  off  the  specimen.  This 
force  is  very  great.  When  the 
specimen  is  left  in  the  quanch 
water,  particles  weighing  only  1 
milligram  or  less  are  thrown 
through  several  inches  of  water. 
We  have  never  encountered  any 
difficulty  in  distinguishing  partial 
true  scaling  from  the  conchoidal 
type  of  scale  detachment 

This  test  is  simple  and  seems  to 
be  extremely  sensitive  to  condi¬ 
tions  unfavorable  to  scale  adher¬ 
ence.  Certain  precautions  must  be 
observed  to  avoid  misleading  indi¬ 
cations.  For  example,  where  sev¬ 
eral  specimens  are  heated  at  the 
same  time,  one  specimen  containing 
phosphorus  might  affect  the  other 
specimens,  so  that  they  have  the 
appearance  of  being  phosphorized 
copper. 

The  furnace  muffie  must  be  free 
of  such  sublimations  as  are  formed 
when  copper  is  heated  in  hydrogen; 
otherwise  erratic  results  will  be 
obtained.  The  tools  with  which  the 
specimens  are  handled  should  be 
clean ;  particularly  must  contact 
with  phosphorus  compounds  of  any 
kind  be  avoided. 

Recent  Investigation 

When  the  matter  of  scaling  tests 
first  became  of  interest,  we  decided 
on  heating  at  860  deg  c  for  30  min¬ 
utes  because  of  the  results  de¬ 
scribed  by  Webster,  Christie  and 
Pratt  in  their  paper  “Comparative 
Properties  of  Oxygen-Free-High- 
Conductivity,  Phosphorized  and 
Tough-Pitch  Coppers”,  A.I.M.E,, 
Inst.  Metals  Div.,  1933.  The  scal¬ 
ing  test  of  different  kinds  of  copper 
was  first  studied  according  to  the 
procedure  of  these  authors.  How¬ 
ever,  the  method  of  calculating  the 
percentage  loss  of  scale  was 
changed  to  avoid  negative  values. 

The  tests  were  made  on  12-gauge 
B&S  (0.081-in.  diam.)  wire  which 
had  been  annealed  at  490  deg  C  for 
30  minutes  in  a  steam  atmosphere. 
After  annealing,  the  wire  was 
pickled  in  dilute  sulphuric  acid, 
washed  and  dried.  The  wire  was 
then  cut  into  8-inch  long  pieces. 
These  were  coiled  on  a  i-in.  mandrel 
and  then  washed  free  of  grease 


There’s  a  Lot  in  a  Transformer 
That  You  Can’t  See  .  .  . 


Of  course  we  are  proud  of  the  appearance  of 
ADC  Transformers.  One  of  our  greatest  satis¬ 
factions  however,  is  in  the  way  they  are 
designed  and  built — for  it  is  upon  these  quali¬ 
ties  that  ADC  performance  has  been  achieved 
and  maintained. 

It  might  be  easier  to  make  transformers  some 
other  way,  but  we  enjc^  doing  our  work  the 
right  way — and  that  means  a  lot  to  all  of  us 
here  at  ADC. 


earn 


SEND  FOR  LATEST  CATALOG! 
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Would  You  Pay 


DOLLAR 


for  vour  daily  paper? 


840  BARRY  STREET 


OAiLYPAPea, 


TKAT  man  is  here  again!  The  guy  who  used  to  say 
"I  can  get  it  for,  you  wholesale”  now  whispers:  "I 
can  get  it  for  you  WITHOUT  RATION  COU¬ 
PONS  ...”  The  sad  thing  is  that — he  CAN.  But,  oh. 
what  a  price  to  pay ! 

You  can’t  beat  arithmetic.  If  there  are  ten  refrigerators  ^r 
sale  and  a  hundred  eager  bidders  for  them,  the  seller  is 
going  to  nick  those  ten  buyers  for  all  the  traffic  will  bear! 
Then  prices  soar  ...  the  dollars  that  buy  those  re;frigerators 
drop  in  value.  Too  few  goods,  too  much  money  on  the 
loose,  connive  to  breed  the  worst  of  all  national  dangers: 
INFLATION.  A  100-cent  dollar  sinks  to  50 — or  less — in 
buying  power!  Uncontrolled  prices  .  .  .  less  for  your  hard- 
earned  money!  A  drop  in  the  value  of  your  savings  account. 


of  your  insurance,  of  everything  you  own.  Would  you  like 
to  pay  a  whole  dollar  for  your  daily  paper? 

"Ration  coupons?”  Oh.  nuts!  "Ceiling  prices?”  "Listen, 
fella,  1  can  get  you  what  you  want — for  only  a  few  dollars 
more  .  ;  .”  Don't  you  believe  him.  He  can't,  really!  You 
may  not  give  up  ration  coupons  THIS  time,  but  you  may 
have  to  give  up  MUCH  more  in  the  long  run.  The  unhappy 
spiral  of  inflation  can  put  every  thing  you  want  and  need 
'way  beyond  your  price-reach!  Don’t  let  this  happen  to  you 
— your  neighbors,  your  entire  nation.  In.stead,  for  a  FAIR 
share  at  a  FAIR  price,  take  the  Consumers’  Pledge  of  Fair 
Play,  and  LIVE  UP  TO  IT:  "I  will  pay  no  more  than  ceil¬ 
ing  prices;  1  will  take  no  rationed  goods  without  giving  up 
ration  coupons.”  DEFEAT  the  scourge  of  Inflation  I 


Here  at  Kenyon,  we’re  proud  to  play  our  small  role  on  the  stage  of  a  BIG 
war.  That’s  why  EVERY  Kenyon  transformer  used  by  our  fighting  forces 
throughout  the  world  reflects  only  the  highest  precision  craftsmanship. 
Kenyon  workers  are  doing  their  share — bringing  Victory  closer  by  turn¬ 
ing  out  top  quality  transformers  urm/terrufftediy — and  as  fast  as  possible ! 
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LET’S  ALL  BACK  THE  ATTACK  -  BUY  MORE  WA/?  BONDS! 


Give  Your  Products  Modern 


and  oil  with  carbon  tetrachloride. 

Each  specimen  coil  was  carefully 
weighed,  and  batches  of  3  or  4 
heated  in  a  clean  electric  muffle 
furnace  for  SO  minutes  at  a  definite 
temperature  ih  a  slow  current  of 
air.  The  coils  were  then  quenched 
in  water  and  any  loose  scale  was 
rubbed  off.  After  drying  carefully, 
the  specimens  were  again  weiglmi. 
The  scale  was  then  pickled  off  with 
a  solution  of  ammonium  chloride, 
hydrochloric  acid  and  water.  After 
washing  and  drying,  the  specimens 
were  again  weighed. 

Seale  Lobs 

The  percentage  of  scale  loss  is 
calculated  according  to  the  follow¬ 
ing  method :  Original  weight  =  Wo, 
Weight  after  quenching  =  Wq, 
Weight  after  pickling  =  Wp. 
Then  Wo  —  Wp  =  Total  Loss  of 
Cu.  This  is  almost  all  in  the  form 
of  Cu«0.  Only  a  negligible  amount 
of  cupric  oxide  is  formed.  Average 
relative  thickness  of  CuO  in  the 
total  scale  did  not  exceed  5  percent. 
It  seems,  therefore,  permissible  to 
neglect  the  presence  of  cupric  oxide 
without  appreciably  affecting  the 
accuracy  of  the  results. 

Contrary  to  the  method  of  Web- 


SOUND 

REPRODUCTION 


Silk  purses  don't  come  from  sow's  ears,  we  have  been  often  teld. 
It  is  equally  true  that  clear,  high  quality  tone  reproduction  only 
comes  from  use  of  the  best  in  crystal  pickups  . . .  and  that  means 
Webster  Electric. 

Remarkable  tone  range  of  Webster  Electric  Pickup>s  is  the  result 
of  a  background  of  engineering  experience  in  the  design  of  mod¬ 
ern  sound  equipment  for  faultless  tone  reproduction.  Webster  Elec- 
trick  Pickups  have  the  precise  balance  to  give  exactly  the  right 
needle  pressure  .  .  .  light  weight  to  prolong  record  life  .  .  .  styling 
to  harmonize  with  modem  cabinets. 

Tomorrow's  radio-phonograph  sets  will  be  gauged  more  critically 
them  ever  by  the  clarity  and  wealth  of  detail  with  which  they  repro¬ 
duce  .  .  .  the  extraneous  noises  which  they  screen  out.  With  Web¬ 
ster  Electric  Pickups  every  nuance  and  tone  color  is  reproduced 
.  .  .  detauls  in  the  record  track  are  brought  out .  .  .  overtones  and 
harmonics  axe  picked  up  that  are  lost  with  old  style  equipment. 

Now  is  the  time  to  be  making  sure  that  your  products  will  cont€dn 
the  results  of  the  very  latest  developments  in  sound  reproducing 
equipment  That  means  the  use  of  Webster  Electric  Pickups.  Write 
Webster  Electric  today.  Let  us  give  you  full  information. 

(Lictmtd  umdtr  paunts  of  th*  Bruik  Dmtopmtnt  Company) 

WEBSTER  ELECTRIC  COMPANY,  Raoia*.  WlMonain,  U.  8.  A. 
EaUblUhad  1909.  Export  Dopt.:  13  E.  40th  St..  Now  York  (16).  N.  Y. 
Caklo  Addzoos:  "ARLAB”  Now  Yoik  City 


0  500  600  700  000  900 

Temperature,  deg  C 


Fig.  1 — CoTTM  oi  pareentogc  ol  accdinq 
ior  Mvaral  TCDtodM  ol  eoppor.  Cotto 
(1)  Is  OFHC  eoppor;  (2)  tough  pUdi; 
(3)  tangh-iriteh  dooxIdlsodL  0.00t  porosnt 
phosphorus:  (4)  tongh-plldi  dooikUzsd. 
0J)12  poreoBt  phosphorus;  (S)  eoftode 
con>or.  plus  OAl  poreont  slae;  (6) 
colhodo  eoppor.  plus  0.0015  porosni 
phosphorus;  (7)  OFHC,  plus  254C 
os/too  sllror 


'When  Quality  is  a  Responsibility  and  Fair  Dealing  an  Obligation 
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MAJVK 
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A  NEW 


GROUP 


Bakelitk  polystyrene  plastics  are  now  available  in 
several  distinct  forms.  Each  member  of  this  new  con¬ 
stellation  is  a  star  of  the  first  magnitude— with  brilliant 
low-loss  electrical  insulating  performaiue  in  high  fre¬ 
quency  and  electronic  service.  Best  known  areBAKHLi  i  E 
polystyrene  molding  materials.  ()t  gn)wing  importance 
are  insulating  films  and  insulation  cimtings  made  from 
the  base  polystyrene  resin.  Several  fabricators  have 
greatly  extended  the  usefulness  of  this  plastic  by'  offer¬ 
ing  sue  h  polystyrene  fabricated  forms  as  rigid  sheets, 
tubes,  and  rods  in  various  dimensions  depending  upon 
srmrcc.  One  fabricator  also  supplies  a  flexible  film  that 
can  be  punched  and  stamped,  as  well  as  filaments  in 
tontinuous  rolls. 

This  BAKKLirr;  polystyrene  group  presents  sweep¬ 
ing  opportunities  for  superior  and  economical  high- 
frequency  equipment.  In  eath  of  its  varied  fonns. 
Bakelite  polystyrene  offers  the  sterling  (jualities  of 


Ja  -  .  • 

resistance  to  many  chemicals,  a  high  index  of  refrac¬ 
tion,  transparent  y  and  clarity,  and  excellent  resistance 
to  w'ater  absorption.  It  has  low  specific  gravity,  and  is 
rigid  or  fl^ible.  according  to  form.  Its  wide  variety  of 
transparent,  translucent,  and  opaque  colors  tan  be 
used  to  enable  ready  identification  of  parts  or  to  im¬ 
prove  the  appearance  t>f  countless  prtKlucts. 

Our  field  engineers  anti  tleveltipment  lalxiratories 
are  always  glad  to  team  up  with  tlesignefs  and  fabri- 
cattirs  in  tleveloping  new  uses  Itir  Bakelite  poly¬ 
styrene  in  high-frequency  equipment. 


BAKELITE  CORPORATION,  30  E.  42  St.,  New  York  17 

Unit  of  Union  Carhide  and  Carhon  Corftoration 

fflaa 


Polystyrene  Plastics 
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*f<yi 


fOI  VSI  IN  AIMY-. 


AcMIACT  cannot  IE  COM* 
OtOMISli  WlTir  IN  TNiSI  WAN 
NAYS  or  LIONTNINO  STOOS  AND 
WOMD  WWi  COMMUNICATIONS, 
All  TNNID  INTO  ONt  riiSENT 
TIMrO  IT  riECISION  OEAIS. 


% 


Quaker  City  Gear  Works 

^  INCORPORATED 

1910-32  Nor+h  Front  Street,  Philadelphia,  Pennsylvania 


ster,  Christie  and  Pratt,  who  ob- 
tained  negative  values  whenever 
Wq  was  greater  than  Wo,  thi* 
method  expresses  perfect  scale  <id- 
herence  by  “*ero  percent  Scaling*. 

Molecular  Weight  of  Cu,0  = 
127.14  +  16.00  =  148.14. 


143.14 


X  Total  Lon  of  Cu  Total 


12T14__ 

CuiO  fonnod. 

Wp  +  Wei(hl  of  Total  CvaO  «  Woii^t 
of  Speefanen  aftor  haatlng  but  bofore 
queoehing  ~  Wk 
IT*  —  If,  —  Seal*  Lon. 


The  following  varieties  of  copper 
were  thus  tested:  (1)  OFHC,  (2) 
tough  pitch,  (8)  tough  pitch  de¬ 
oxidized,  0.008  percent  phosphorus, 
(4)  tough  pitch  deoxidised,  0.012 
percent  phosphorus,  (6)  cathode 
copper,  plus  0.01  percent  sine,  (6) 
cathode  copper,  plus  0.0016  percent 
phosphorus,  (7)  OPHC,  plus  25  - 
80  oz/ton  silver. 

Figure  1  shows  the  curves  drawn 
from  the  data  calculated  from  the 
tests.  The  plotted  data  are  the 
averages  obtained  from  the  8  or  4 
specimens  heated  at  the  same  time. 

All  the  curves  for  copper  contain¬ 
ing  no  phosphorus  dip  to  a  mini¬ 
mum  value  between  800  and  900  deg 
C  and  then  rise  again.  It  is  im¬ 
portant  to  point  out  that  the  rise 
in  percentage  of  scaling  on  the 
high  temperature  side  of  the  dip. 
is  not  true  scaling  (for  instance, 
induced  by  the  presence  of  phos¬ 
phorus  in  the  copper) ,  but  is  of  the 
conchoidal  nature,  caused  by  me¬ 
chanical  stresses  set  up  in  cooling. 
Since  for  a  given  duration  the 
scale  is  thicker  for  higher  tempera¬ 
tures,  the  rise  in  the  curve  beyond 
the  dip.  may  indicate  that  the  thick¬ 
er  the  scale  the  more  the  tendency 
to  conchoidal  shedding  of  the  scale. 

The  scale  formed  at  low  tempera¬ 
tures  on  all  the  coppers  studied  is 
not  very  adherent.  The  change  in 
character,  as  far  as  scale  attach¬ 
ment  is  concerned,  takes  place  over 
a  small  range  of  temperature  and 
this  range  is  probably  narrower 
and  at  a  lower  temperature  than 
the  curves  indicate.  This  critical 
range  in  which  the  change  occurs 
is  different  for  most  of  the  non¬ 
scaling  coppers  used,  with  .the  re¬ 
sult  that  there  is  a  marked  differ¬ 
ence  in  the  temperature  range  of 
good  scale  adherence  between  these 
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VHf  tWIPMlHT 

FOR  POST  WAR  AIRLINES  AND 
AIRPORT  TRAFFIC  CONtROL 


COMCO  MODEL  132  VHF  RECEIVER 

Fixed  frequency,  crystal  controlled  superheterodyne  Re¬ 
ceiver.  Frequency  range  100  to  150  Me.  Standard  inch 
rack  panel  mounting.  12  tubes. 

COMCO  MODEL  170 
VHF  TRANSMITTER 

50  watts  output.  Frequency 
range  100. to  150  Me.  Cabinet 
size:  Width  23";  Depth  18"; 

Height  48".  Comco  Model 
127AA  Transmitter  also  avail¬ 
able  for  operation  on  a  fre¬ 
quency  range  of  200  to  550  kc. 

A  VHF  Transmitter  and  Re¬ 
ceiver  especially  designed  for 
airport  traffic  control  towers,- 
aeronautical  ground  stations 
or  relay  service.  Engineered 
for  ease  of  installation  and 
maintenance  by  men  who  have 
had  actual  “in  the  field”  ex¬ 
perience. 

Comco  Engineers  have  pioneered  in  the  development  of 
VHF  static-free  equipment  for  aeronautical  use.  They  are 
ready,  if  VHF  becomes  a  requirement  in  post-war  planning, 
to  supply  compact,  sturdily  constructed  equipment  to  meet 
the  most  exacting  specifications  for  dependable  operation. 
Write  for  complete  details. 


COMMUNICATIONS  COMPANY.  Inc. 

Manufacturers  of  Radio  and  Electronic  Equipment 

CORAL  GABLES  34,  FLORIDA 


coppers.  For  instance,  OFHC  plus 
25-30  oz/ton  silver  seems  to  form 
a  very  adherent  scale  at  tempiirs. 
tures  from  700  deg  to  900  deg  C. 
Tough  pitch  copper,  on  the  other 
hand,  has  a  very  narrow  range  of 
good  scale  adherence,  and  at  no 
temperature  reaches  the  degree  of 
scale  attachment  of  the  other  (oxy. 
gen-free)  coppers. 

Thieknest  of  SecUe  -v»-  Temporotux 

In  order  to  ascertain  the  influ¬ 
ence  of  thickness  of  scale  alone  and 
the  effect  of  temperature  only  on 
the  scale  adherence,  a  time  series 
was  run  at  each  of  the  following 
temperatures:  700,  760,  800,  860 
and  900  deg  C.  The  durations  of 
heating  were:  10,  20,  30,  45,  60,  90 
and  120  minutes.  The  extent  of 
scale  formation,  expressed  in  grams 
of  copper  that  were  converted  to 


Fig.  2 — ThaM  curras  show  tha  walght 
of  eoppar  oooTarlad  to  aeola  par  aq  in. 
of  surfoca  at  Torloua  tomparataraa  ond 
haotfag  tisnas 

scale,  per  square  inch  of  surface, 
was  determined  in  each  test.  It 
was  found  that  for  two  kinds  of 
copper  tested,  OFHC  and  tough 
pitch,  the  extents  of  scale  forma¬ 
tion  for  any  particular  temperature 
and  duration  were  closely  the  same. 
The  differences  between  corre¬ 
sponding  samples  of  these  two 
kinds  of  copper  were  usually  less 
than  ±.  6  percent,  and  are  due  mere¬ 
ly  to  experimental  errors.  There¬ 
fore,  the  data  for  the  two  kinds  of 
copper  were  averaged  and  from  the 
averages,  the  curves  of  Fig.  2  were 
plotted. 

A  series  of  scaling  tests  w'ere 
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NATVAR 

»400 

,  _  .u»  F  T.L.  report  covering  . 


pgatvar  No.  wu  im 


wall  thickness:  .0235-  OF  CHEMiCA^S^^  ,^„pen.- 

T aMT  AND  PONl/ER  f  Effect  of  7  ‘*‘‘y*,“?7its  in  each  soWen»- 

dielectric  .^^nd  relative  hutnidity  OO'Jfc  ,ure ;  average  .n  d..mcnsi^_*. 

T^:.Urtricconstantat29t-a  _ 


^^conds  and  then  went 


..UCTRICCO^ 

Dielectric  constan  i'* ^  8.1 

At  I  megacycle:  4  5^ 

Power  Factor  :  ^J^^ga^  de:  .064 
.^TM.  D495-42 

arc  resistance  ^  3,  j^onds 

A  c  T  M  D295-43T 

OIL  resistance  -  A. X^tub^g. 

•  Turbol  10-  at  105^  „ent  change  fn 

version  ‘he^  thSre  was  no  sign  of  change 

After  24  »"^.^®J'^parate  tests  were  made. 

,be  tubing.  Three  sep 

heat  endurance  ^  j  ,  „^k^or 

After  7  days  ^  180*  around  a  A  V 

^.herwiscfa  HI.ONGATION 

tensile  strength  p,,  ,„. 

At  200%  elongation.  ^870  lbs.  per  sq.  m. 

LOW  TEMPERATURE  FLE  ^^^^^  ^,„ynd 

After3  hrs.atminus^^^^P^.^.j^„^  was  no  sign 

‘  ?.sro'o^« 


rhinae  in  dimensions 


P,r  t-ent  ol  diroensi*"- 
Ch»n(ie  in  '^j'****  ot  spef  "»*" 

Per  cent  of  Outside  _.  l^ss 

none  none 

5  per  cent  +0  41  "O"* 

Vulfuricacid  + 


none 

none 

+  10.9 


I  percent  n^ne 

potassium  ^  none  j^ne 

hydroxide  +2.6  ^  none 

Petroleum  +1.66  ,  .1^0  9  -24  0 

Ethyl  Alcohol  ^,21.9  +6.6  ■> 

Benzol 

.b.o.paon,  -  W  «■«»'  o'  0  61 

specimen  ^  specin^n  O.Oi 

^  0  64 

specimen  none 

Change  in  dimensions,  m  diametei 

in  thickness 


flhfrlnrtnXrwm.!"'''  »'  P"""'  ■“• 


THE  nMONAL  varnished  E^UCTS 


RAHWAY  7-2171 


CASH  ADDRESS 
NATVAR:  RAHWAY,  N.  J. 


201  RANDOLPH  AVENUE 


WOODBRIOGE  NEW  JERSEY 
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Ingenious  New 

Technical  Methods 


Presented  in  the  hope  that  they  will 
prove  interesting  end  useful  to  you. 


then  conducted,  in  which  specimens 
were  heated  at  the  proper  time,  for 
each  of  the  temperatures,  700,  750, 
800,  850  and  900  deg.  C,  which 
would  form  the  same  thickness  of 
scale.  The  data  obtained  from  these 
tests  were  plotted  in  two  ways, 
percent  scaling  versus  weight  of 
copper  that  was  converted  to  scale, 
and  percent  scaling  versus  the 
temperature.  Only  OFHC  copper 
was  so  tested  because  phosphorus 
bearing  copper  showed  at  least  55 
percent  scaling  for  any  heating 
period  up  to  2  hours  and  any 
temperature  in  the  range  600-1000 
deg  C.  The  curves  for  OFHC  are 
shown  in  Fig.  3  and  4. 

In  these  curves,  there  is  a  decided 
dip  to  a  minimum  scaling-prcent 
age  at  0.26  g/sq  in.  copper  con 
version  (Fig.  3)  and  at  860  deg  C— 
(Fig.  4).  Referring  to  Fig.  2,  the 
duration  of  heating  at  860  deg  C 
to  convert  that  quantity  of  surface 
copper  to  oxide  is  20  minutes. 

From  these  findings  we  concluded 


750  800  850 

Temperature  ,  deg  C 


Fig.  4 — ^Percent  of  scaling  plotted 
against  tsmporaturo  for  OFHC  copp*r 
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New  9000°  Arc  Torch  con  be  used  for  Welding  and 
Brazing  oil  ferrous  and  non-ferrous  metals  and  alloys 


Fig.  3 — Porcont  of  scaio  Torsns  weight 
of  copper  conrerted  to  scoie  for  OFHC 
copper  at  four  different  tempercrturei 


You  can  gtt  compkte  information  from  Mid-States  Equip- 
"tnt  Co.,  .  2429  S.  Michigan  Av«„  Chicago  16,  Illinois 


For  HEATING  to  Straighten  or  Bend,  etc. 


Y.147 


Now  an  arc  torch  that  makes  it  possible 
to  do  most  jobs  electrically  that  previ¬ 
ously  were  thought  possible  only  with 
gas.  This  attachment  for  arc  welders 
provides  an  independent  source  of  heat 
by  means  of  two  carbons.  It  is  capable 
of  producingintenseheat,  approximately 
9000°  F.,  over  2000°  hotter  than  an  oxy- 
acetylene  flame.  Pure  heat,  no  oxygen 
or  gas  to  contaminate  the  weld.  No 
pressure  to  force  the  molten  metal  away 
or  blow  holes  in  light  sections. 

Developed  to  capitalize  to  the  fullest 
on  the  time-saving  advantages  of  elec¬ 
tric  welding,  the  new  Mid-States  9000° 
arc  torch  can  be  used  with  any  AC  or 
DC  electric  welder.  It  opens  up  new 
horizons  of  service  in  this  field,  never 
before  possible  with  an  electrically  oper¬ 
ated  instrument. 

New  uses  are  being  found  every  day  for 
products  that  have  been  familiar  to  us 
for  years.  Wrigley’s  Spearmint  Gum,  al¬ 
ways  enjoyed  for  its  chewing  satisfac¬ 
tion,  is  now  proving  with  the  fighting 
men  overseas  many  benefits  which  will 
be  useful  to  you  in  peacetime.  One  of  the 
big  factors  in  mass  production  is  the 
alertness  and  efliciency  of  the  man  on 
the  job.  The  chewing  of  Wrigley’s 
Spearmint  will  help  keep  you  alert  and 
wide-awake  during  those  work  periods 
that,  while  seemingly  dull  and  monoto¬ 
nous,  call  for  watchfulness  in  order  to 
get  perfeaion  in  the  final  assembly. 


For  BRAZING  Steel,  Cast  Iron,  Malle¬ 
able  Iron,  Copper,  Brass,  Bronze,  and 
other  ferrous  and  non-ferrous  metals. 


W  —  0.25  0.30  035 

—  .^<9'rams  Per  Square  Inch 


Torture  Test  -  DOUBLED ! 

The  story  of  a  transformer  yanked  back  and  forth  from  Pole  to  Equator 


Men  of  the  U.  S.  Army  Signal  Corps  say  that  no  mat¬ 
ter  where  they  run  their  lines, "It’s  either  too  hot  or 
too  cold."  To  make  sure  equipment  can  take  it,  the 
Corps  runs  the  five-cycle  humidity  test. 

They  were  giving  this  test  to  a  Thermador  trans¬ 
former.  They  put  it  into  a  chamber,  pressed  a  button 
to  get  the  bleak  50°  below.  They  pressed  another 
button,  the  thermometer  shot  to  the  197°  of  a  blazing 
equatorial  noon.  Five  times  they  raised  and  lowered  the 
temperature.  They  watched,  through  the  glass  doors, 
water  dripping  orito  the  transformers— condensation. 

After  forty-eight  hours  they  took  an  ice  pick  to  get 
at  the  terminals. 

They  wiped  them  dry.conneaed  the  current,  threw 


on  the  switch.  If,  after  this  torture,  the  transformer 
could  take  2,000  volts  it  would  pass  the  test. They  gave 
it  not  2,000  but  4,000  volts,  doubling  the  test— and,  of 
course,  it  took  it!  buy  more  war  bonds! 

THERMADOR  ELECTRICAL  MANUFACTURING  CO. 


}229  South  Rivers/ Je  Drrre  •  Los  Angeles 

o 
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Here’s  The  Precision  Factor 
in  Ra«Uo  Frequency  Control 


PRODUCTS  COMPANY 

1519  McGee  Street,  Kansas  City,  Mo. 

Producers  of  Approvd  Pracition  Crytiolt  lor  Radio  Froquoncy  Control 


For  the  inside  facts  about  precise  radio  frequency  con 


trol,  look  inside  the  holder! 


Crystal  Holder  Units  are  made  in  many  typies,  but  each 
depends  upon  the  quartz-crystal  blank  for  its  accuracy 
in  final  performance. 

This  is  why  more  and  more  electronic  engineers  specify 
quartz  oscillator  plates  made  by  Crystal  Products  Com¬ 
pany.  Here  they  get  crystals  made  under  the  most 
exacting  methods  of  control.  Here,  too,  they  find  valu¬ 
able  cooperation  in  engineering  the  crystal  and  its  holder 
for  any  specific  circuits. 

Our  products  and  our  services  are  available  to  you.  Use 
them — and  be  sure  of  satisfaction. 
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that,  under  the  conditions  obtain¬ 
ing  in  our  method  of  conducting  tlie 
scaling  tests,  and  using  12-gauge 
wire,  the  optimum  temperature  and 
duration  are'  850  deg  G,  and  20 
minutes,  respectively.  Specimens 
treated  under  these  conditions 
should  show  the  minimum  of  con- 
choidal  fracturing  in  the  case  of 
copper  wltich  should  pass  the  test. 


')Sc6ta-ORD\NARY" 


Conclusions 


In  all  the  tests,  3  or  4  specimens 
were  treated  under  identical  con¬ 
ditions  of  temperature  and  dura¬ 
tion.  Only  small  differences  in 
scaling  specimens  from  the  same 
batch  were  noted  at  temperatures 
up  to  the  dip  and  larger  differences 
in  the  conchoidal  fracturing  range 
of  temperatures.  The  plotted  data 
are  averages. 

A  duration  series  at  850  deg  C 
was  run  on  OFHC  and  tough-pitch 
coppers.  The  data  obtained  were 
plotted;  giving  the  curves  shown 
in  Fig.  5.  The  differential  in  scale 
adherence  in  favor  of  OFHC  copper 
was  indicated  in  all  tests  at  dura¬ 
tions  up  to  60  minutes.  After 


fSOH 


“Extra-ordinary”  relays  are  engineered,  designed  and 
manufactured  by  Cook  lUectric  Company  to  meet  the 
entire  range  of  aircraft  and  electronic  applications. 
They  are  engineered  with  the  “plus”  features  that  make 
all  Cook  products  extra-ordinary,  and  are  designed, 
tooled  and  fabricated  completely  under  one  roof,  in 
a  model  plant  that  provides  capacity  to  produce  in 
quantity. 


70  40  60  80  100  120 

Minutes  at  850  Deg  C 


♦The  large  relay  illustrated  above  is  the 
Type  108,  now  in  quantity  production.  Pro¬ 
duct  with  the  finest  relay  materials.  High 
permeability,  magneUc  materials,  annealed 
in  controlled  atmosphere.  Various  modifi¬ 
cations  adapt  it  to  a  wide  range  of  appli¬ 
cations.  Adjustment  to  specific  conditions 
provides  extreme  high  speed  sequence  or 
marginal  operation.  Colls  bakelite  impreg¬ 
nated  and  heat  cycled  to  meet  severe 
humidity  conditions.  Available  in  a  wide 
range  of  voltages  from  6  to  220  Volts  D.C. 
ana  10  to  220  Volts  A.C.,  20  to  ^  Cycle  and 
50  to  60  Cycle.  Mounting  holes  provided  in 
heel  piece  for  direct  mounUng  to  panel.  Can 
be  equipped  with  octal  speaker  plug  or 
ottier  types  to  meet  special  requirements. 
Dust-proof  housings  and  weather-proof  cov¬ 
ers  are  also  available. 


^^The  small  relay  illustrated  above  is  the 
new  Type  400.  Its  features  include:  Stainless 
steel  Maring  pins  for  long  life  and  perma¬ 
nent  adjustment.  New  coil  terminal  design 
to  prevent  coil  losses  due  to  breakage  of 
lead  wires.  Wide  spacing  of  staggered  spring 
terminals  and  elongate  holes  to  facilitate 
wiring.  High  permeability,  magnetic  mate¬ 
rials,  annealed  in  controlled  atmosphere. 
Coils  wrapped  in  serving  and  bakelite  im¬ 
pregnated  against  moisture,  to  Air  Corps 
specifications.  Single  or  twin  contacts  and 
single  or  double  spring  pile-ups  to  six 
flings  high.  Saving  in  space  and  weight. 
Sturdy,  durable  construction.  Nickle  silver, 
beryllium  copper  or  Inconel  roring  mate¬ 
rials  optional,  withstands  high  G  and  vibra¬ 
tion  tests  due  to  light  weight  and  balanced 
armature. 


J  2700  SOUTHPORT  AVENUE 


CHICAGO  14,  ILLINOIS 


Flq.  5 — Porcont  oi  scoliog  producod  on 
OFHC  cmd  lough-pitch  coppor  at  850 
dog  C  for  various  hooting  timos 

longer  heating  periods,  the  curves 
cannot  be  considered  reliable,  as 
fairly  large  variations  between 
specimens  of  the  same  test  run 
occurred  in  this  range.  This  is  un¬ 
derstandable  if  one  considers  the 
explosion-like  nature  of  scale  de¬ 
tachment  when  the  thickness  of  the 
scale  is  heavy.  It  is  a  matter  of 
chance  whether  scale  particles  de¬ 
tached  in  such  a  violent  manner  are 
small  or  large. 

We  have  found  that  there  is  no 
essential  difference  in  the  results 
obtained  with  hard  or  soft  copper  in 
the  scaling  tests.  Annealed  copper 
of  the  various  kinds  tested  were 
available  when  this  investigation 
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1  Exclusive  Thread*Cut* 
*  ting  slot  provides  sharp, 
•errated  cutting  edge. 


2  As  each  Type  1  is 
driven,  it  cuts  its  own 
perfect  mating  thread. 


7^ 


THIS 


^  Eliminates  tapping— 
^no  taps  to  buy  or 
maintain. 


Jt  Snug,  tight  £t  always, 
because  each  screw  re¬ 
mains  in  the  thread  it  has 
cut  itself. 


C  Drives  easily  in  an\ 
^  thickness  of  metal. 


ENGINEERING  SERVICE! 

Through  laboratory  research  and  extensive  field 
experience,  Shakeproof  engineers  are  in  an  excel¬ 
lent  |>osilion  to  help  you  speed  assembly,  lower 
protluction  costs  and  improve  product  pt-rforni- 
ance.  They  thoroughly  understand  fastening  prob¬ 
lems  and  can  recommend  the  type  and  method  of 
fastening  best  suited  to  your  particular  protluct 
and  to  the  requirements  of  your  assembly  line. 

This  Shakeproof  Engineering  Service  is  oflered 
without  obligation.  Write  today  ...  a  Shakeproof 
^  field  engineer  will  contact  you  immediately! 


SHAKEPROOF  me.  ' 

Distributor  of  Shakoproof  Products  Marsufaeturod  by  ILLINOIS  TOOL  WOPKS 
2501  North  Keoler  Avonue,  Chicago  39,  Illinois 
Pionts  at  Chicago  and  Eigin,  iilinois 
In  Canada;  Canada  Illinois  Tools,  Ltd.,  Toronto,  Ontario 

Los  Angolas  Office  Detroit  Office 

J670  Wilthire  Slvd.,  lot  Angoloi  36,  Colif.  3893  E.  Grand  Blvd.,  Dotroil  3,  Mich. 


^  Maximum  thread  con- 
” tact  assured  because 
of  standard  machine  screw 
thread. 


/t^ 

kit  contains  a  variety 
of  sizes  and  styles  of 
Shakeproof  ’I'y  pel 
Thread-Cutting  Screws. 
W'rite  todav  fur  Kit  No.  22 ! 
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meets  SI6HAL 

71-2202A  4|12|44) 

J1L»3S  a§  ^ 


/f|! 


i 

I; 


•  Non-corrosive  to  copper,  52$  aluminum,  low  car¬ 
bon  steel,  cadmium  plated  steel.  No  deteriorating 
efFects  on  coated  or  adjacent  parts. 

•  The  fungicide  is  completely  dissolved  thereby 
eliminating  the  possibility  of  settling  out. 

•  Moisture-proof.  Non-inflammable,  (spec.  71-4943). 

•  Actually  beats  specification  requirements  for  in¬ 
sulating  properties  and  drying  time  . .  .  tack-free 
in  8  minutes  .  .  .  hard  in  45  minutes. 

•  NON-TOXIC  TO  HUMANS— o/Ficio/  tests  show 
tNSL-X  will  not  cause  dermafitis. 

*Salicylanilide 

INFORMATIVE  LITERATURE  ON  FUNGUS  PREVENTION  AVAILABLE  UPON  REQUEST 


THE  INSL-X  CO.,  Inc.  •  857  Meeker  Ave.  •  Brooklyn  22,  N.Y. 


Chicago  •  Detroit 


Los  Angeles 


Philadelphia 


was  started  and  were  therefore 
used.  Our  standard  tests  for  certi¬ 
fication  of  OFHC  copper  are  made 
on  hard -drawn  wire. 

We  are  well  aware  that  the 
method  of  calculating  the  percent¬ 
age  of  scaling  ignores  the  penetra¬ 
tion  of  oxygen  into  the  copper,  and 
that  the  scale  is  not  pure  cuprous 
oxide.  Hoover,  there  is  little  like¬ 
lihood  that  anyone  making  scaling 
tests  would  be  interested  in  any 
more  than  the  indications  derived 
from  visual  inspection.  Small  er¬ 
rors  in  calculating  the  data  from 
these  tests  have  no  particular  prac¬ 
tical  significance. 

The  writer  wishes  to  express  his 
indebtedness  to  the  management  of 
the  United  States  Metals  Refining 
Co.  for  permission  to  publish  this 
paper,  and  to  Messrs.  H.  M.  Schlei¬ 
cher  and  Max  Heberlein  for  their 
greatly  appreciated  help  and  advice 
given  during  the  investigation. 

•  •  • 

A  Neon-Counter  for 
Medical  Re8€»irch 

By  0.  Cameron  Gruner 

McQiU  Vnivereity,  Montreal,  Canada 

It  has  long  been  supposed  that  the 
blood  is  different  in  cases  of  cancer 
from  that  of  other  diseases,  and 
from  that  of  a  healthy  person.  A 
reliable  test  for  cancer  has  long 
been  sought,  and  over  one  hundred 
and  fifty  have  been  devised.  Some 
of  these  depend  on  chemical,  some 
on  biological,  and  a  few  on  physical 
differences.  The  last  named  may  be 
the  best  one  because  the  chemical 
reactions  can  be  traced  ultimately 
to  physical  constitution. 

The  discovery  of  mitogenetic 
radiation,  emitted  during  the  divi¬ 
sion  of  all  living  cells,  was  naturally 
applied  to  the  problem  of  cancer 
growth,  and  it  was  found  that  this 
radiation  is  definitely  increased  in 
the  tissue,  but  diminished  in  the 
blood  of  the  patient.  That  means 
that  a  person  suffering  from  cancer 
has  lost  something  from  his  blood 
which  is  present  in  health — some¬ 
thing  in  the  form  of  radiation. 

The  technique  for  detecting  this 
radiation  is  very  difficult  and  time- 
consuming,  so  much  so  that  Hol- 
laender  and  other  physicists  decided 
that  mitogenetic  radiation  does  not 
exist  at  all.  However,  the  fact  that 
electronic  engineering  has  produced 
some  outstanding  instruments 
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iw  In  conception  and  oppiicotion . 

IPCry  multi- 

PMEEIl  RECTIPIIR 

.  providing  floxiblo  DC  power  for  laboratory  work 

o 

New  in  conception  and  application,  the  Green  Multi-Rectifier  MRI  fulfills 
a  definite  need  in  the  laboratory.  By  providing  in  one  compact  unit  a 
flexible  DC  power  supply,  the  Multi-Rectifier  MRI  lifts  the  restrictions 
which  orthodox  rectifiers,  generators  or  batteries  impose  upon  engineers 
and  technicians.  By  the  simple  shifting  of  a  few  external  links  a  choice  of 
four  different  voltage  ranges  is  available,  with  control  from  zero  to  max¬ 
imum  on  each  range. 


Unlike  present  rectifiers,  the 
MRI,  designed  and  developed 
by  Oreen  engineers,  incorpo¬ 
rates  six  individual  selenium 
rectifier  sections.  These  may  be 
quickly  interconnected  by  ex¬ 
ternal  links  to  provide  four  dif¬ 
ferent  ranges  of  DC  power: 


1  I  1  ; 

'  K  1 

^  • 

W  . 

• 

1 

• 

V 

0-8  volts,  max.  cap.,  100  amps 
0-16  volts,  max.  cap.,  SO  amps 
0-24  volts,  max.  cap.,  35  amps 
0-48  voHs,  max.  cap.,  18  amps 


On  any  range,  the  two  panel-mounted  voltage 
control  switches  offer  a  range  of  control  in  49 
steps  from  zero  to  maximum.  Maximum  current 
limitations  are  indicated  on  each  range.  For  con¬ 
venience  in  connecting  to  loads,  output  terminals 
are  located  on  each  side  of  the  cabinet.  On-Off 
push  buttons  control  the  3-phase  magnetic  con¬ 
tactor  in  the  main  power  supply  circuit.  Over¬ 
load  warnings  are  given  by  supervisory  Monitor 
buzzer  and  lamp  located  between  the  voltmeter 
and  ammeter.  The  Automatic  Watchman  fur¬ 
nishes  automatic  current  interruption  in  case  of 
prolonged  overload.  Cabinet  size:  22"  wide  i  15" 
deep  X  36^4"  high. 


W.  GREEN  ELECTRIC  COMPANY,  INC. 

■  r  .s 

GREEN  EXCHANGE  BUILDING  130  CEDAR  STREET  NEW  YORK  6,  N.T. 
RECTIFIER  (j.  ENGINEERS 


available  for  laboratory  medicine- 
such  as  the  electrocardiograph,  tlie 
electro-encephalograph,  audio-fre¬ 
quency  measuring  instruments,  not 
forgetting  the  electron  microscope, 
suggests  that  something  might  be 
devised  for  detecting  radiations  of 
the  kind  referred  to  above. 

The  Geiger  counter  has  failed  to 
reveal  conclusive  evidence  of  these 
radiations,  but  it  was  thought  that 
a  neon  counter  might  serve  the  pur¬ 
pose.  In  Electronics  for  July, 
1937,  a  short  note  by  Stager  was 
published,  entitled  “Relaxation  Cir¬ 
cuit  Measures  Radiant  Energy”, 
which  suggested  a  device  that  might 
prove  useful.  In  this  circuit,  the 
neon  lamp  charges  and  discharges 
as  the  potential  accumulates.  If  the 
material  to  be  studied  emits  a  radi¬ 
ation  which  adds  to  the  potential, 
the  beats  of  discharge  will  become 
more  frequent;  if  the  material  in¬ 
terferes  with  the  accumulation  of 
potential,  the  beats  will  slow  down. 

Technique 

The  accompanying  diagram  shows 
the  circuit  of  the  electronic  equip¬ 
ment  used  in  the  experiments.  The 
material  to  be  studied  was  exposed 
to  the  neon  lamp  by  arranging  a 
small  stage  over  the  lamp  so  the 
specimens  could  be  placed  on  the 
platform.  The  blood  was  usually 


Electronic  circuit  for  counting  fkahM 
of  a  neon  lump.  When  blood  or  Umw 
is  exposed  to  the  neon  bulb,  a  ehong« 
in  the  rote  of  flashing  oecurs 

collected  in  moderately  large  drops 
on  a  microscope  slide  which,  when 
dry,  was  inverted  so  that  there  was 
no  screening  action  caused  by  the 
slide  itself.  A  quartz  slide  was  some¬ 
times  used,  especially  if  a  portion  of 
an  agar  culture  was  to  be  studied. 
In  this  case,  the  microbes  or  mold 
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BiCTRl 


A^t£44fa»d^ip&U6^ 

DIAL  LIGHT  SOCKET 


TsntiU  strength  of  loads  and  cennoc* 
tions  far  in  oxcoss  of  roquiromonts. 


Tough,  plastic  shell  melded  around 
bracket  providing  a  secure  bond  with 
mechanical  strength  far  beyond  any 
normal  requirement. 


Rounded  edge  will  net  cut  or  froy  wire 
insulation. 


Lug  on  contact  fits  in  groove  in  shell  so 
that  contact  cannot  be  turned  or  twisted 
when  inserting  lamp. 

Center  contact  mounted  so  that  it  can* 
,  not  protrude  from  shell  and  short  on 
chassis  when  lamp  is  removed. 

Plastic  shell  Is  recessed  for  contacts, 
•  which  cannot  be  pushed  or  pulled  out 
of  position. 


Stronger,  tougher,  neavy  welled  plastic 
shell 

A  variety  of  different  mounting  bracket 
styles  available,  suitable  for  practically 
any  mounting. 


Voltage  Breakdown  between  contacts— 
1200  Volts.  Voltage  Breakdown  to  ground 
— SOOO  Volts. 


4TIMES 

ACTUAL 

SIZE 


For  Your  Present  and  Post-War  Produrtion 


4^ 


la  taslaass 


40«h  ANNIVERSARY 
1904—1944 

This  yeer  Lens  celebretes  Its 
40th  yeer  of  service  to  the 
communications  Industry. 


ml 


Lens  Dial  Light  Sockets  have  always  been  known  for  their  superior  mechanical 
qualities  and  electrical  characteristics. 

Now  these  sockets  are  still  further  improved,  with  even  greater  mechanical 
strength.  A  stronger,  tougher  plostic  shell  is  attached  to  the  bracket  with  a 
new  type  of  construction  that  provides  a  virtually  unbreakable  bond  between 
shell  and  bracket.  Its  excellent  electrical'  characteristics  ore  maintained. 

Consider  these  Lenz  Dial  Sockets  for  your  present  and  post  war  production. 
Write  for  sample  today. 


LENZ  ELECTRIC 
MANUFACTURING  CO. 


Slat*  1904 


17S1  N.  WESTERN  AVE. 


CHICAGO  47.  ILLINOIS 
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Telex  Receivers 

are  tiny  .  .  .  but  tough! 


was  removed  from  an  ordinary  cul¬ 
ture  tube  and  placed  on  the  slide. 

Specimens  of  fluid  blood  were  ex¬ 
amined  in  the  Kimble  tube  in  which 
they  were  collected.  Broth  cultures 
of  organisms  in  Pyrex-glass  tubes 
could  also  be  accommodated  over  the 
same  stage.  Mice,  small  rats  and 
living  tumor  could  be  similarly 
placed.  Tite  neon  lamp  and  stage 
assembly  were  enclosed  by  a  lead 
cylinder  topped  by  a  lid  of  the  same 
material. 

The  results  of  study  have  been  of 
considerable  interest.  Healthy 
blood,  and  also  blood  from  persons 
not  suffering  from  cancer,  slows 
down  the  number  of  beats  per  five 
minutes.  The  blood  of  cases  with 
cancer  increases  the  number  of 
beats,  and  when  the  disease  is  un¬ 
der  control  (surgery,  x-rays,  ra¬ 
dium),  the  number  slows  down 
again.  Tumor  tissue  (experimen¬ 
tal)  raises  the  rate,  which  shows 
that  the  phenomenon  is  not  in  the 
same  category  as  that  of  mitogen¬ 
etic  radiation,  for  with  the  neon- 
counter,  the  blood  produces  the 
same  effect  as  the  tissue. 

Similar  results  are  obtainable 
with  blood-smears,  and  also  with 
formalin-fixed  cancer  tissues,  so 
that  the  phenomenon  may  be  one  of 
resonance — a  change  in  potential 
being  induced  from  a  source  of 
changing  potential.  This  is  in  har¬ 
mony  with  the  discovery  that  Pfeif¬ 
fer’s  crystallization  test  would  ma¬ 
terialize  even  if  the  specimen  tested 
were  at  definite  distances  from  the 
test-fluid. 


fholograph  Signal  Corps,  U.  S.  Army 


During  the  daring  invasion  of  Attu  Island  Telex  tiny 
Receivers  proved  they  were  tough.  In  this  Aleutian  cam¬ 
paign  our  men  and  equipment  mastered  the  severest 
weather  and  the  most  rugged  terrain  ever  encountered. 

In  this  atmospheric  graveyard  of  fog  and  dampness  the 
Division  Command  Poet  was  established  on  Attu.  Vital 
messag^  were  delivered  with  exceptional  clarity  by  de¬ 
pendable  Telex  Receivers — the  product  of  masterful 
engineering. 

In  solving  your  present  and  near  future  electronic 
development  problems,  the  experience  of  Telex  engineers 
in  creating  the  first  wearable  Electronic  Hearing  Aid  and 
in  serving  the  U.  S.  Army  Signal  Corps  should  be  of  great 
help  to  you.  Write  us  today. 

Telex  Experience  Offers:  sa 

Magnetic  Rocalvars:  wt’ 

Cm.  Vol. — Approx.  0.3  cv.  in.  W  M 

Impodanc*  —  Up  to  5000  ohms.  MM  1 

Songltlvlty  — 18  dynos  /  tq.  cm.  for  10  m  1  I 

microwatt  input.  M  H  | 

Construction  —  Rugged  and  stable,  ^  H  ' 

using  only  finest  materials,  precisely  ma-  t  \  W  . 

chined — no  diaphragm  spacing  washers  f  |  y' 

in  Telex  receivers.  I  \  f 

Transformers  and  Chokes:  y  I  \  t 

Cu.  Voi. — Down  to  .15  cu.  in.  J 

Core  Mcrteriai  —  High  permeability 
steel  alloys. 

Windings — To  your  specs.  ( Limit  of  six  outside  leads  on  smallest  cores.) 
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ELECTRONIC  PRODUCTS  DIVISION 


THE  JAPANESE,  at  one  stage  of 
their  war  with  China,  paid  a 
bounty  of  $2,000  for  each  captured 
Chinese  Signal  Corps  officer  and 
$500  for  each  enlisted  signalman, 
according  to  Captain  Hung-Yen  Lo, 
of  the  Chinese  Army  Signal  Corps, 
detached  service  at  Camp 


now  on 
Crowder,  Mo. 
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FROM  ONE 
SMALL  TOWN 
TO  THE  EARTH’S 
FAR  CORNERS 


to  the  Far  East,  to  ports  on  the  seven 
seas  identified  only  in  code  on  the  pack¬ 
ing  cases,  goes  war  material  so  vital  that  it  is 
needed  on  every  beachhead  and  before  the 
beachhead  is  created — poured  out  of  ofie  ship-* 
ping  room  in  just  one  factory  in  just  one  small 
Conneaicut  town! 

Incredible?  Not  when  Yankee  ingenuity  is 
taken  into  consideration  —  the  same  Yankee 


ingenuity  that  stems  from  many  lifetimes  of 
meeting  difficult  situations. 

That’s  the  case  here  at  Ansonia — typical  of 
our  approach  to  the  problems  which  any  form 
of  elearical  cables  can  solve.  However  difficult 
the  requirements  of  peace  may  be,  we  feel 
that  we  can  be  of  assistance  in  meeting  them 
in  new  ways,  as  we  have  met  the  changing 
problems  of  war  and  peace  before. 


ANKOSEAL  multi '  conductor 
insulated  cables  are  among  the 
most  promising  of  Ansonia 
war-proven  developments.  If 
you  have,  or  expect  to  have, 
a  use  for  electrical  cables — 
CHECK  ANKOSEAL  ! 


THE  ANSONIA  ELECTRICAL  COMPANY 

n  Specializing  in  "Ankoseal"  a  Thermoplastic  Insulation 

ANSONIA  •  CONNECTICUT 


A  Wholly-Ou-ned  Subsidiary  of 

No>ia  electric  corporation 

GENERAL  OFFICES  •  NEW  YORK,  N.  Y. 

— In  peacetime  makers  of  the  famous  Noma  Lights — the  greatest  name  in  decorauve 
lighting.  Now,  manufacturers  of  fixed  mica  dielectric  capacitors  and  other  radio,  radar 
and  electronic  equipmenc 
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NEWS  OF  THE  INDUSTRY 


Employment  outlook  postwar;  Fessenden  archives; 
conference  notices;  television  receiver  survey;  f-m 
station  for  FCC;  organization  change  in  AAF;  figures 
on  output 


Toward  Parts  Standardization 


Extensive  standardization  of  ra¬ 
dio  components  for  postwar  civilian 
production  is  planned  by  the  RMA 
Engineering  Department  and  Parts 
Division.  .Arrangements  have  been 
made  for  cooperation  between  com¬ 
pany  executives  under  the  direction 
of  W.  R.  G.  Baker  of  the  engineer- 
.ing  department  and  R.  C.  Sprague 
of  the  parts  division.  Each  parts 
section  is  to  be  represented  by  an 
executive  member  who  will  attend 
meetings  of  the  engineering  stand¬ 
ardization  groups. 

These  members  include :  J.  I. 
Cornell,  H.  E.  Rice,  A.  DiGiacOmo, 
and  Louis  Kahn — fixed  capacitors; 
Henry  Sarkis — variable  air  capaci¬ 
tors;  J.  D.  Heibel — ceramic  dielec¬ 
tric  capacitors ;  H.  W.  Rubinstein — 


volume  controls;  D.  S.  W.  Kelly — 
fixed  composition  resistors;  Jesse 
Marsden  —  wire-wound  resistors; 
George  Mucher — phig-in  resistors; 
S.  Del  Camp — sockets;  W.  A.  Ell- 
more — speakers;  Arni  Helgason — 
power  transformers ;  Henry  Richter 
— h-f  circuit  switches ;  H.  M.  Dres- 
sel — interrupters  and  rectifiers ; 
Monte  Cohen — r-f  and  i-f  trans¬ 
formers;  L.  M.  Temple — dry  bat¬ 
teries;  and  P.  K.  McSJlroy — relay 
racks. 


Metal-Working  Electronics 


More  than  thirty  of  the  exhibi¬ 
tors  at  the  National  Metal  Congress 
and  National  Metal  Exposition  in 
Qeveland  during  October  displayed 


HAM  SHACK  DE  LUXE 


Cortoiiis  and  all.  this  ham  shack  has  be«n  sstobUshed  in  Chicago  os  a  tributs  to 
tho  25.167  radio  omotoars  in  tho  armed  forces  of  the  Nation.  Formerly  opened  by 
sponsoring  Hailicrofters  Co.,  the  shack  was  the  scene  of  this  ceremony  os  Cyrus  T. 
Read  ol  the  company  and  ARRL.  left,  and  Carol  K.  Witte,  acting  communications 
manager  of  ARRL.  right  examine  the  serrice  flag  presented  by  Chet  Horton,  member 
of  the  Homfesters  Radio  Club 


various  types  of  electronic  appara¬ 
tus  related  to  the  production,  fabri¬ 
cation,  and  testing  of  metals  and 
metal  products.  In  addition,  a  num¬ 
ber  of  technical  papers  on  electronic 
subjects  were  presented  at  meet 
ings  of  the  sponsoring  groups: 
American  Society  for  Metals, 
American  Institute  of  Mining  and 
Metallurgical  Engineers ;  American 
Welding  Society,  Society  for  Ex¬ 
perimental  Stress  Analysis,  Ameri¬ 
can  Industrial  Radium  and  X-Ray 
Society,  and  the  Metal  Powder  As¬ 
sociation. 


For  Engineering 
Curricula  Changes 


Engineering  courses  are  better 
adapted  than  those  in  liberal  arts  to 
give  a  broad  understanding  of  the 
modern  world.  So  said  Allan  Hazel- 
tine,  technical  consultant  and  pro¬ 
fessor  of  electrical  engineering, 
Stevens  Institute  of  Technology, 
during  a  talk  at  the  52nd  annual 
meeting  of  the  Society  for  the  Pro¬ 
motion  of  Engineering  Education 
(SPEE)  in  Cincinnati  recently. 

Professor  Hazeltine  felt  that  im¬ 
proved  methods  of  presentation 
might  make  it  possible  to  condense 
the  full  equivalent  of  a  four-year 
course  in  general  engineering  into 
three  years  and  permit  the  addition 
of  other  courses  of  instruction  not 
now  given. 

Another  subject  considered  at 
the  conference  was  the  coordination 
of  physics,  mathematics  and  elec¬ 
trical  engineering  staffs  toward 
communications  and  electronics 
curricula.  This  was  discussed  by  Dr. 
E.  A.  Guillemin  of  Massachusetts 
Institute  of  Technology.  He  sug¬ 
gested  that  mathematics  prepara¬ 
tion  should  include  differential  and 
integral  calculus,  ordinary  and  par¬ 
tial  differential  equations,  Bessel’s 
functions  and  spherical  harmonics, 
functions  of  a  complex  variable, 
vector  analysis,  and  advanced  cal¬ 
culus. 

He  proposed  that  more  than  the 
customary  amount  of  time  be  de¬ 
voted  to  the  formulation  of  electro¬ 
magnetic  theory  and  a  thorough 
foundation  should  be  given  in  the 
theory  and  application  of  electron 
tubes  with  particular  emphasis  on 
those  features  which  are  important 
at  uhf.  Special  attention  should  be 
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PRODUCTION  . . 


FOR  THE  TASKS  OF  PEACE 


WARTIME  EXPERIENCES  have  developed  production  “muscles”  for 
the  communications  industry  that  will  be  used  to  excellent  advantage 
in  the  tasks  of  peace.  With  our  customers,  old  and  new,  we  have  en- 
joyed  a  relationship  that  points  clearly  to  the  road  to  peacetime  pro- 
duction.  For  instance:  *’  * 

1  Our  Old  Customers  Learned  that  Sickles  production  facilities  were 
flexible  and  versatile.  Conversion  from  peacetime  to  wartime  pro¬ 
duction  was  quick  and  effective.  Quantity  was  stepped  up  rap- 

■  idly.  Quality  was  maintained.  ^ 

2  Our  New  Customers  Learned  that  it  is  practical  to  sub  contract 

parts  and  components  to  Sickles.  To  many  of  them,  this  was  a  new  2 

experience.  We  expect  them  to  continue  to  profit  from  that  ex¬ 
perience  in  peacetime.  .  J 

3  Sickles  Learned  that  our  foundation  for  such  production  was  sound. 

In  three  years,  we  have  gained  additional  experience  that  must  ^ 

be  the  equivalent  to  that  of  ten  years.  Reconversion  to  peacetime 

I 

production  will  be  smooth.  Our  facilities  will  help  our  customers 

to  deliver  the  goods  of  peace  as  they  did  the  weapons  of  war. 

• 

So  our  postwar  plan  is  extremely  simple.  It  is  to  continue  to  serve  our 
customers  in  meeting  their  specialized  needs  for  performance,  quality,  i- 
quantity  and  low  cost.  To  us,  that  program  seems  sound.  Can  we  help 
you  now,  to  plan  your  postwar  production  “muscles”? 

THE  F.  W.  SICKLES  COMPANY  •  CHICOPEE,  MASSACHUSEHS 


SOME  SICKLES 
FIRSTS  j 

1'.  1933— Dual  Mka 
Trimmers* 

2.  1936— Silver  Cap  Con-^ 

densers*  ' 

3.  1940— Low-loss  “Ripple"^ 

Loops* 

4.  1941  -—Midget  I.F.  As¬ 

semblies 

5.  194V— More  Coming 

*  PoteffM 


Ultra  High-Powered  Sound.,. another 


BOGEN  first  for  post-war  markets  I 


The  BOGEN  MC>225,  identified  by  the 
Army  cm  type  AN  UIQ-1,  and  by  the 
Navy,  Marine  Corpe  and  fUnphibious 
Command  os  the  Portable  Beach* 
master  Announcing  Equipment,  is  U* 
lustroted  above.  This  system  has 
seen  extensive  action  in  Normandy, 
os  well  os  in  the  Battle  of  France  in 
its  entirety.  Numerous  other  phases 
of  its  service  indude  amphibious 
landings  in  the  South  Pacific,  and 
more  recently,  a  dtal  contribution  to 
the  success  of  the  cdrbome  invasion 
of  Holland. 

BOGEN  sound  engineers — ^by  devel* 
oping,  designing  and  building  ultra 
high-powered  sound  systems  for 


every  branch  of  the  Armed  Forces — 
have  gained  the  knowledge  essential 
'  to  leadership  in  the  field.  The  experi¬ 
ence  gained  "under  fire"  will  lend 
impetus  to  both  theory  and  actuality 
for  tomorrow's  applications. 

BOGEN  Sound  Systems — setting  o 
new  standard  for  Industrial  Program 
Equipment  —  for  announcing,  inter¬ 
communication  and  public  address 
broadcasting — will  be  available  for 
schools,  hospitals,  churches,  indus¬ 
trial  plants,  airports,  railway  sys¬ 
tems,  recreation  centers,  etc. 
BOGEN  engineers  are  ready  to  assist 
•you  in  the  planning  of  sound  equips 
ment  needs.  Inquiries  are  invited. 


PfoMBoffcn  CO.  INC* 


•  OGf  N  SOUND  SYSTEMS  •  AMPLIFIERS 
COMMUNO-PHONES  •  ElEORONIC  EQUIPMENT 


&  663  BROADWAY,  NEW  Y0RK,12,N.Y. 
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given  to  circuit  theory,  Fourier 
theorem  for  steady  and  transient 
conditions,  network  synthesis,  elec¬ 
tron  tube  circuits,  transmission 
lines,  and  wave  guides. 

Concerning-  the  educational  re¬ 
quirements  for  the  production  engi¬ 
neer,  Dr.  J.  A.  Hutcheson  of  West- 
inghouse  Research  Laboratory  sug¬ 
gested  that  academic  training  is 
merely  Llui  jQi  st  step  in  the  develop¬ 
ment  of  a  production  engineer. 
After  getting  a  foundation  in  the 
theory  and  application  of  electrical 
engineering,  the  production  engi¬ 
neer-to-be  must  acquire  a  knowl¬ 
edge  of  properties  of  materials  and 
gain  the  ability  to  design  equipment 
which  satisfies  mechanical  require¬ 
ments.  At  Westinghouse,  he  pointed 
out,  a  single  engineer  is  given  the 
responsibility  for  design,  produc¬ 
tion,  and  testing  of  the  apparatus 
he  develops.  This  makes  it  neces¬ 
sary  for  him  to  carry  out  or  direct 
all  of  the  operations  which  may  be 
necessary  in  conception,  design,  en¬ 
gineering,  manufacture,  mainte¬ 
nance,  and  sale  of  the  particular 
equipment. 

Fessenden’s  Papers  Available 

Through  a  gift  to  the  North  Caro¬ 
lina  State  Department  of  Archives 
and  History,  papers  of  the  late  Pro¬ 
fessor  Reginald  A.  Fessenden  are 
made  available  for  the  first  time  for 
scholarly  investigation.  Fessenden, 
who  served  as  head  chemist  with 
Thomas  A.  Edison,  as  electrical 
engineer  with  the  United  States  Co., 
and  was  connected  with  the  Stanley 
Company,  has  left  data  related  to 
wireless  telegraphy  and  signalling; 
position  determining  of  vessels  at 
sea ;  multiplex  telegraphy ;  an  invis¬ 
ible  submarine  periscope;  sound 
detectors  for  aircraft;  equipment 
for  generating  and  storing  power 
from  the  sun’s  rays  and  other  sub¬ 
jects. 

An  Electronic  Monument 

Instead  of  an  unfunctional 
STATUE  of  a  man  on  horseback, 
Brig.  Gen.  Frederick  H.  Kisch  will 
be  memorialized  by  the  building  of 
a  laboratory  in  Haifa,  Palestine,  to 
house  facilities  for  electronic  in¬ 
vestigation  and  instruction. 

Gen.  Kisch,  who  was  killed  in 
action  in  the  Tunisian  campaign, 
served  as  chief  engineer  in  Mont- 
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^  MODEL  T-45 
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History  of  Communications.  Number  Nine  of  a  Series 


MILITARY  COMMUNICATIONS  BY  TELEPHONE 


HMflON  DIVISION!  Ml  CLAY  STtEET.  SAN  HANCISCO  tl,  CALIFORNIA  ••  CANADIAN  DIVISION:  SM  KING  STRUT  WIST.  TORONTO  I.  ONTARIO.  CANADA 
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During  the  Spanish-American  War  the  telephone  as  a  means  of  elec¬ 
tronic  voice  communication  met  with  favor  and  played  a  vital  part  in 
military  action  for  the  first  time.  Replacing  men  and  horses,  a  telephone 
message  could  cross  and  recross  enemy  territory  by  wire  widiout  delay 
and  cost  of  life. 


Today,  telephones  in  the  office  and  home  life  of  the  average  American 
have  been  an  instrumental  force  in  our  higher  standard  of  living. 


Universal,  manufacturing  microphones  and  other  voice  communication 
components  for  the  allied  forces,  will  again  after  Victory  is  ours,  stock 
dealers’  shelves  with  the  Universal  components  you  have  been  waiting 
for.  Until  then  —  Buy  War  Bonds. 


UNIVERSAL  MICROPHONE  COMPANY 


Model  T-45,  illustrated  at  left,  is  the  new  Lip  Micro¬ 
phone  being  manufactured  by  Universal  for  the  U.  S. 
Army  Signal  Corps.  Shortly,  these  microphorres  will  be 
available  to  priority  users  through  local  Radio  Jobbers. 


INGLEWOOD,  CALIFORNIA 


STREET  NEW  YORK,  14,  N.  Y 


75  VARICK 


gomery’s  British  Eighth  Army.  Hi* 
monument  is  proposed  as  an  addi¬ 
tion  to  the  Hebrew  Institute  ol 
Technology,  of  which  he  was  a  trus¬ 
tee,  and  funds  for  the  undertaking 
are  being  raised  by  the  American 
Society  for  the  Advancement  of  the 
Institute. 

Backed  by  some  of  the  most  prom¬ 
inent  p^le  in  the  U.  S.  radio  in¬ 
dustry,  the  American  group  has 
planned  to  make  the  Institute  into 
a  leading  technical  school.  During 
the  war  years  alone,  more  than  1200 
engineers  and  technicians,  trained 
at  Haifa,  have  distinguished  them¬ 
selves  in  the  service  of  the  United 
Nations. 


CRYSTAL  HOLDERS 


RuiU  ^^044A, 

SPECIFICATIONS 


Full  Employment 
in  Electronics 

Postwar  volume  in  the  electronics 
industry  will  be  $3  billion,  in 
the  opinion  of  Benjamin  Abrams, 
president  of  Emerson  Radio  & 
Phonograph  Co.,  who  compares  it 


Tested,  used,  and  proved  by  the  armed 
forces  of  our  country,  Howard  Crystal 
Holders  are  ready  to  serve  you  in  peace¬ 
time.  Dependability,  accuracy,  and  assured 
performance  are  the  results  of  precision 
work  by  HOWARD'S  skilled  personnel. 
Send  your  specifications  to  HOWARD. 

★  BUY  WAR  BONDS  ★ 


million.  Under  these  conditions  he 
feels  that  not  only  will  former  em¬ 
ployees  back  from  the  fronts  have 
constructive  jobs  open  to  them,  but 
there  will  also  be  a  need  for  half 
a  million  more  people. 

Considering  the  training  which 
has  been  given  to  men  by  the  Signal 
Corps,  every  effort  should  be  made 
to  channel  such  qualified  personnel 
into  installation  and  servicing 
activities  which  will  be  contingent 
to  a  rapid  expansion  of  production. 
In  units,  he  points  out  that  current 
demand  for  radios  is  in  the  25  mil¬ 
lion  set  bracket  with  an  additional 
normal  requirement  of  12  million. 
Large  export  quantities  must  be 
added  to  that.  Before  the  war,  the 
industry  had  a  capacity  of  16  mil¬ 
lion  receivers  a  year. 


COUNCIL  BLUFFS.  IOWA 


Electronics  Training  Course 

Basic  principles  and  applications 
of  electronics  in  industry  is  the 
topic  of  a  new  training  course  which 
has  been  prepared  by  Westinghouse 
Electric  &  Manufacturing  Co.  De- 
.signed  originally  for  company  em¬ 
ployees,  the  sound  slide  Alms,  lesson 
books,  quiz  books,  and  instructor’s 
manual  are  available  to  others  at 
reproduction  costs. 

Subjects  covered  include:  elec¬ 
tronics  and  the  electron  theory  of 
matter;  electron  movement  during 
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Precious  Metals 


Base  Metals 
on 

Base  Metals 


Laminated 

Electrical 

Contacts" 


AND  NOW  A  NEW  GENERAL  PLATE 
LAMINATED  METAL 


For  Extro 
Conductivity 

WHERE 

SPRINGINESS 

IS 

REQUIRED 


BERYLLIUM  COPPER 


Throughout  the  years.  General  Plate  has  pioneered 
in  tlie  development  and  manufacture  of  laminated 
metals  for  industry.  Now  it  brings  you,  for  the  first 
time,  a  new  laminated  metal . . .  Silver  on  Beryllium 
Ccmper. 

This  new  metal  combination  gives  you,  for  the  first 
time,  the  extra  good  conductivity  of  silver  .  .  .  plus 
the  springiness  of  beryllium  copper. 

No  matter  what  the  application,  tiny  switch  blade 
or  heavy  strips,  this  new  General  Plate  Laminated 
metal  will  give  you  better  performance  through  its 
silver  and  beryllium  metal  combination. 

It  is  available  in  combinations  of  silver  on  one  or 
BOTH  sides,  or  with  silver  between  two  layers  of 


beryllium  (centrelay). 

Investigate  this  new  General  Plate  Laminated 
Metal  today.  Our  field  engineers  will  gladly  consult 
with  you  on  your  problems  .and  make  unbiased 
recommendations.  Ask  for  their  services.  Write: 

GENERAL  PLATE  DIVISION 

or  METALS  &  CONTROLS  CORPORATION 
•HeUdt  and  Ctniroit  Corporatiam  Divitioms  mammfacturt  the  fetUunng 
produtts:  Laminated  &  Selid  Preciaus  Metals,  Electrical  Caatacts,  Railed 
Plated  Preeiotu  Metals  ta  Bate  Metals  in  all  farms  — 

Trttftesc  Tbermastat  Metals. 

ATTLEBORO,  MASSACHUSETTS 

so  Church  Si.,  N»w  York,  N.  Y.;  205  W.  Wackar  Oriva,  Chicosa.  Ilt.i  181  E.  Moln 
$1.,  Cantarbury,  Ohio)  2635  Rosa  Ori«a,  Aitadano,  California 
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current  flow  through  metal  conduct- 
ors ;  emission  of  electrons  and  their 
controlled  flow  through  vacuum  and 
gases ;  theory  of  rectification  by 
vacuum  tubes ;  Kenotrons — high- 
voltage,  low-current  rectifiers;  how 
gas  in  a  tube  neutralizes  space 
charge;  gaseous  rectifier  tubes; 
electronic  amplification;  electronic 
genera tirm  nf  high-frequency  ac; 
electronic  oscillators  for  radio  and 
carrier-current  transmission;  basic 
circuits  for  electronic  control;  in¬ 
dustrial  applications  of  electronic 
regulation  and  control;  electronic 
conversion  of  light  into  electricity 
and  electricity  into  light. 


West-Coast  Conference 

To  DEMONSTRATE  that  Pacific-Coast 
electronic  manufacturers  are  no 
longer  assembly  firms,  but  now  en¬ 
gaged  in  actual  manufacture,  two 
days  during  August  were  devoted 
to  the  first  annual  Electronics  In¬ 
dustry  Show  in  Los  Angeles.  Spon¬ 
sored  by  the  West  Coast  Electronics 
Manufacturers’  Association,  the 
event  featured  an  equal  number 
of  participants  from  both  the  San 
Francisco  and  Los  Angeles  coun¬ 
cils  of  the  organization.  The  roster 
of  WCEMA  has  now  reached  55 
memberships. 


PRECISION  METAL  WORKING 
REQUIREMENTS? 


Do  you  require  versatility— the  ABILITY  to  do  sheet 
metal  work,  stamping  and  fabricating— the 
ABILITY  to  build  metal  boxes  and  cases  in  a  wide 
variety  of  sizes— to  build  cabinets,  chassis,  odd 
shaped  flat  pieces,  strips,  panels,  housing,  etc.? 
Do  you  require  the  ABILITY  to  do  precision  work 
to  extremely  close  tolerance?  What  about  the 
ABILITY  of  helping  work  out  a  design  or  design 
change  that  can  save  up  to  thousands  of  dollars 
and  speed  delivery  of  many  weeks? 

If  the  answer  to  any  of  the  above  questions  is 
YES,  write  us  for  further  information  or  consulta¬ 
tion  on  specific  jobs. 


New  RMA  Members  - 

Additions  to  the  membership  of 
Radio  Manufacturers  Association 
have  been  announced  as :  Arpin 
Mfg.  Co.,  Airadio  Inc.,  C.  G.  Conn 
Ltd.,  Fada  Radio  &  Electric  Co., 
Harvey  Radio  Labs,  and  Ohmite 
Mfg.  Co. 


PORTER 


Television  Receiver 
Intentions 

According  to  a  survey  run  off 
among  several  hundred  metropoli¬ 
tan  New  Yorkers  for  Allen  B.  Du¬ 
Mont  Laboratories,  six  out  of  every 
ten  persons  postponing  the  pur¬ 
chase  of  a  television  set  say  they 
will  buy  one  within  three  years 
after  the  conclusion  of  the  war. 

Interviewees  were  shown  two 
half-tone  pictures  with  screen 
equivalents  of  present  and  sug¬ 
gested  future  television  definitions. 
Six  out  of  ten  said  the  difference 
was  immaterial  and  would  not 
cause  them  to  put  off  buying  re¬ 
ceivers  in  anticipation  of  such  an 
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ALL  FOUR  MODELS  DESCRIBED  ON  THIS  PAGE  ARE  NOW  AVAILABLE 
FOR  TEN  -  DAY  DELIVERY  ON  PRIORITY  OF  AA  -  3  OR  BETTER 


THE  MODEL  67O>0 

MEC-O-METER 

J\  NEW  BATTERY-OPERATED 

INSULATION  TESTER!! 


THE  MODEL  710 


*  Setuitivify  1,000 
ohms  por  volt  on 
both  A.C.  and 
D.C.  ‘Dir  act 
raading.  *  Com- 
plataly  salf-con- 
tainod.  *  No  ai> 
tarnal  sourca  of 
'currant  raquirad. 


INDICATES 
LEAKAGE  UP  TO 

200 

MEGOHMS 

AT  A  TEST 
POTENTIAL  OF 

500  VOLTS 
D.C. 


SPECIFICATIONS: 

6  D.C.  VOLTAGE  RANGES:  0  to  I5/60/ISO/300/600/I500  Volts 

6  A.C.  VOLTAGE  RANGES:  0  to  1 5/60/ 1 50/300/600/ 1 SOO  Volts 

7  D.C.  CURRENT  RANGES:  0  to  3/15/50/150  Milliamparas 

0  to  3/15/30  Amparas  . 

A.C.  CURRENT  RANGE:  0  to  3  Amparas 
5  RESISTANCE  RANGES:  0  to  1,000/10,000/100.000  ohms 

0  to  I  Magohm  0  to  10  Magohms 

Tha  MOML  710  comas  complato  wHIi  ^ 

cavar,  satf-eoatoiaad  boftarlas,  fast  laods  ^  .DO 

aad  iastraetioas.  Sisa  6"  >  10”  s  10”. 

Mat  waight  11  pounds.  Priea . 


NO  HAND  CRANKING: 

Tha  500  Volt  Tast  Potantial  is  mada  instantly  availabla  by 
throwing  tha  front  panal  toggla  switch. 

DIRECT  READING: 

All  calibrations  printed  in  larga  aasy-to-raad  type  enabling 
exact  determination  of  laakagas  from  0  to  200  Magohms. 

3  RESISTANCE  RANGES: 

In  addition  to  tha  0  to  200  Megohm  Ranga  which  is  used  for 
insulation  tasting,  two  additional  lower  ranges  are  provided, 
0  to  20,000  Ohms  and  0  to  2  Magohms. 

Modal  610-1  comas  beasad  in  hoad-  ^  IRA 

robbed,  ragged  Oak  Cabinet  complata  W  M  .vW 

witb  cover,  setf-coataiaed  batteries,  tast 
ieads  aad  iastraetioas.  Only . 


THE  NEW  MODEL  P-25 

MEASURES:  SWITCH  RESISTANCE.  CONTACT 
RESISTANCE.  FRACTIONAL  OHM  STAND¬ 
ARDS,  ETC.  INDISPENSABLE  IN  THE  QUANTI¬ 
TATIVE  ANALYSIS  OF  ALLOYS  BY  THE  RE¬ 
SISTANCE  CHECK  METHOD;  INSURES  RAPID 
ACCURATE  BOND  TESTING!!! 


THE  MODEL  720 


MEASURES  A.C.  CURRENT  UP  TO 

200  AMPERES 


RANGE 


FEATURES; 

a  Operates  on  self-contained  battery  no  external  sourca  of  current 
required. 

a  Mirror  scale  on  meter  eliminates  paralax  enabling  extremely  accurato 
readings, 
a  Linear  scale. 


4  RANGES:  0  fe  10/50/100/200  Amparas 

The  Model  720  comblnos  the  two  most  efficient  methods  of  measuring 
A.C.  Currant.  Heavy-duty  binding  posts  on  front  panel  used  for  measur¬ 
ing  low  currants  to  50  Amperes.  Built-in  torroid  transformer  permits 
measurement  of  currents  up  to  200  Amperes  without  breaking  line. 
Necessary  only  to  Insert  either  leg  of  the  line  through  front  panel  core 
opening. 

Model  720  comas  boosad  in  baovy-duty,  ^  RA 

leotberatta  covarad  cabinet,  complete  Q  .  D  W 

witb  cover  aad  lastractioBs.  Sixe  13” 

7”  X  4Va”.  Prica .  ^ 


SPECIFICATIONS: 

a  Accuracy — 1%  or  battar  of  ony  point. 

•  The  built-in  standard  rasistors  ara  all  of  tha  4  terminal  type  and  are 
individually  adjusted  to  an  accuracy  of  ^  of  1%. 
a  Circuit  employed  Is  exclusive  adaptation  m  tha  potentiometric  method 
of  low  resistance  measurement. 


SVPERiOR  tNSTRUMENTS  CO, 
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improvement.  Seven  out  of  ten 
would  not  delay  the  purchase  of  re¬ 
ceivers  because  of  the  prospect  of 
color  over  black  and  white.  Eight 
out  of  every  ten  had  already  seen  a 
television  program  on  the  screen 
of  a  receiver. 


CONV^TIONS  TO  COME 

Dec,  11-12.  First  Annual  Conference 
New  York,  N.  Y.  Television  Broad¬ 
casters  Association,  Will  Baltin, 
secretary,  500  Fifth  Ave.,  New 
York  18,  N.  Y. 

Jan.  22-26.  American  Institute  of 
Electrical  Engineers.  Winter 
Technical  Meeting,  New  York,  N.  Y. 
H.  H.  Henline,  secretary,  33  West 
39  St.,  New  York  18,  N.  Y. 

Jan,  30-Feb.  1.  Institute  of  the 
Aeronautical  Sciences.  Thir¬ 
teenth  Annual  Meeting,  Pupin 
Physics  Laboratory,  Columbia  Uni¬ 
versity,  New  York,  N.  Y.  Meetings 
Committee,  1605  RCA  Building 
West,  30  Rockefeller  Plaza,  New 
York  20,  N.  Y. 


*A(€urate  Within  I Direct  Reading 
Checking  Radio  Crystals  in  Suh-Zero  Range 


WASHINGTON  NEWS 

Hearing-Aid  Batteries.  When  Di¬ 
rection  2  of  Limitation  Order  L-71 
expired  on  October  1,  production  of 
B  hearing-aid  batteries  was  au¬ 
thorized  on  an  industry-wide  basis, 
according  to  WPB.  It  had  become 
feasible  for  all  five  manufacturers 
of  these  batteries  to  return  to  pro¬ 
duction  on  a  limited  basis.  Two  of 
the  five  had  formerly  been  cut  to 
permit  increased  production  of  ur¬ 
gently  needed  military  batteries. 

F-M  Yardstick.  An  experimental 
f-m  station  with  call  letters  W3XFC 
will  be  built  and  operated  by  FCC. 
Idea  is  to  get  practical  data  on 
the  operational  characteristics  of 
the  system.  Transmission  will  con¬ 
sist  of  records,  transcriptions,  and 
tone  modulations.  Power  output 
will  be  approximately  50  watts 
while  both  wide-  and  narrow-band 
transmissions  will  be  made  on  vari¬ 
ous  frequencies  between  42  and  50 
Me.  The  station  will  be  operated 
at  several  locations  in  the  Wash¬ 
ington  area. 

Air  Communications.  Reseanh 
and  development  functions  of  the 
Signal  Corps  relating  to  aviation 
radio,  radar,  and  electronics  have 


Designed  especially  for  leading  radio  manufacturers,  this  Model  40 
Elematic  Pyrometer  is  unconditionally  guaranteed  for  accuracy.  It 
is  a  high  resistance,  precision  made  instrument — the  result  of 
exhaustive  tests  by  manufacturers,  as  well  as  our  own  engineers. 


The  Model  40  has  many  important  feotures:  a  special  compensator 
which  automatically  adjusts  instrument  for  variations  in  room  tem¬ 
perature  . . .  internal  shunt  that  retards  pointer  swing  ...  a  mirrored 
scale  to  avoid  parallax  errors  .  .  .  SVe"  scale  with  Va*  numerals, 
2°  divisions  ...  6'  knife  edge  pointer . . .  sapphire  jewels  and  hand- 
lapped  pivots.  Comes  in  walnut  case  with  hinged  removable 
cover  and  leather  carrying  handle.  Write  for  further  information. 


Adaptable  to  All  Types  Crystal  Holders 
. . .  aad  Available  ia  Six  Stale  Raages 

Enlarged  view  on  left  shows  thermocouple  connected  to  o 
standard  crystal  holder.  The  Model  40  comes  in  following 
scale  ranges: 

0*—  150®  C.  Mifwf  55®— Plui  90*  C. 

Minu$  40.°— Pluf  50°  C.  Minu,  50®— Plus  JOO®  C. 

M<m«  50®— Pfcif  100®  C.  Mmvi  85°— P/Wi  85®  C. 
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SPEED  (R.RM.) 


Send  for  Bulletins  149  LE  and  163  LE 

SUPERIOR  ELECTRIC  COMPANY 

211  Laurel  Street  Bristol,  Connecticut 
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To  avoid  such  grief  and  waste,  do  this:  — 

1.  Analyze  the  starting  needs  to  deterlhme  the  sp#^^Hi4V 
curve  required  to  take  the  motor  op  to  running  spee'c^ 

2.  Install  a  POWCRSTAT  variable  voltage  transformer 

achieve  an  effective  and  economical  control  of  vojtag 
applied  to  the  motor  so  that  such  o  pre* determine^ 
curve  con  be  followed.  '  ^ 

Results  will  be  smooth  starting  an<^ elimination  high 
starting  currents.  In  addition,  motors  will  last  longer  and 
starting  will  not  cause  the  usual  line  disturbances. 

POWERSTATS  ore  olso  opplicable  to  continuous  speed  - 
control  of  certoin  types  of  a-c  motors.  Therefore  —  if  you  j  j 
hove  a  motor  ei^rol  problem,  SECO  engineers  con  obly  ,  ^ 
assist  yot^ki  ib  so^tiaok  ;  1 


HARDWICK,  HINDLE  PRODUCTS 
ARE  SUBJECT  TO 
HIGH  PRIORITY  RATINGS 


Like  many  other  fine  products,  they 
are  subject  also  to  first  call  by  Uncle 
Sam. 

We  are  proud  of  the  service  they  are 
performing  in  so  many  defense  jobs. 


HARDWICK,  KINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

DIVISION  OF 

THE  NATIONAL  LOCK  WASHER  COMPANY 

ESTABLISHED  1tt6 

Newark  5,  N.  J.,  U.  S.  A. 
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Rauland  Corp.,  Chicago,  Ill.  has 
purchased  the  phototube  division  of 
GM  Laboratories.  The  trade  name 
involved  is  “Visitron.”  Phototubes 
of  this  type  are  now  in  production 
at  Rauland. 


been  transferred  to  the  Air  Com¬ 
munications  staff  group  of  the 
Army  Air  Forces  Headquarters,  Of. 
fice  of  the  Air  Communications  Of¬ 
ficer.  At  Wright  Field,  Dayton, 
Ohio,  the  Aircraft  Radio  Labora¬ 
tory  is  included  in  the  switch.  Other 
functions,  such  as  procurement,  are 
not  affected. 


Output  TS  Up.  Figures  for  August 
production,  released  by  WPB,  show 
a  7-percent  improvement  over  July, 
which  leaves  a  3-percent  falling 
short  of  schedule.  In  the  accom¬ 
panying  curves,  actual  figures  are 
used  through  July,  1944.  August 
figures  are  preliminary,  and  there¬ 
after  schedule  figures  are  used. 


General  Radio  Co.  has  opened  a 
new  office  building  at  275  Massa¬ 
chusetts  Ave.,  Cambridge,  Mass. 
This  releases  for  war  production 
office  space  formerly  occupied  in 
the  main  plant,  bringing  the  total 
plant  space  to  112,000  sq  ft. 


Westinghouse  Electric  &  Mfg., 
Pittsburgh,  Pa.,  has  utilized  7,521 
out  of  20,545  war-production  sug¬ 
gestions  by  its  employees,  and  the 
war  effort  has  thus  been  saved  ap¬ 
proximately  $835,100,  while  the 


Lear  Avia  has  changed  its  name  to 
Lear  Inc.  in  anticipation  of  entry 
into  other  markets  besides  those  of 
aviation  equipment. 
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BUSINESS  NEWS 


Communicotnn  and  Eloctronic  Equipnn»nt 
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Manpower  shortages  are  blamed 
for  keeping  the  aircraft  radar  pro¬ 
gram  behind  schedule  while  design 
changes  are  the  greatest  impedi¬ 
ment  to  communication  and  other 
electronic  production. 


ELECTRICAL  APPARATUS  COMPANY 

1200  SOLDIERS  FIELD  ROAD,  BOSTON  34,  MASSACHUSETTS 


lOSTON  OFFICES 


ARE  YOU  INTERESTED  IN 


THROUGHOUT  NEW  ENGLAND? 

The  Electrical  Apparatus  Company  is  interested 
in  representing  manufacturers  having  products  of 
advanced  design  and  of  an  engineering  nature  for 
postwar  applications.  i 

We  have  unusually  fine  facilities,  a  specially*  t 
trained  personnel  of  many  years  experience,  and  ^ 
are  thoroughly  capable  of  producing  outstanding 
results. 

In  our  opinion,  the  postwar  era  will  require 
concerted  and  well  organized  sales  effort.  We 
are  enthusiastic  about  obtaining  the  greatest 
amount  of  business  possible  for  the  manufacturers 
we  represent. 

An  interesting  brochure  of  a  really  unique  sales 
organization  will  be  sent  gladly  upon  request. 

W.  J.  Kelleigh 

DEMONSTRATION  LABORATORY  ASSEMBLY  HALL 


ENGINEERS 


APPLICATION 


HARTFORD  OFFICE 


KUYS  •  RHEOSTATS  •  FOOT  SWITCHES  •  CAM  LEVER  SWITCHES  •  LIMIT  SWITCHES  •  SNAP  ACTION  SWITCHES  •  TRANSFER  SWITCHES  •  RESET  TIMERS 
*t«OTE  CONTROL  SWITCHES  •  PROCESS  CONTROL  TIMERS  •  SOLENOID  VALVES  •  ELEORONIC  DEVICES  •  TEMPERATURE  CONTROLS  •  PRESSURE  CONTROLS 

ELECTRONIC  CONTROLS  •  AUTOMATIC  PRODUOION  GAUGES 
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and  SAVE  TIME 


idea-people  were  paid  a  total  of  |9 1,. 
035.  Production  of  war  equipm^at 
during  the  first  nine  months  of  the 
year  has  been  $612,099,691,  or  22 
percent  above  a  year  ago. 


American  Standards  Association 
has  moved  into  new  and  larger 
quarters  at  70  East  45th  Street, 
New  York,  Y. 


Philco  Corp.,  Philadelphia,  Pa., 
has  plans  for  experimental  televi¬ 
sion  relays  between  Philadelphia 
and  Washington,  D.  C.  Applications 
have  been  filed  with  the  FCC. 


Westinghouse  Electric  &  Mfg. 
Co.,  Pittsburgh,  Pa.,  has  started 
night  classes  for  approximately  250 
employees  who  wish  to  work  for  ad¬ 
vanced  degrees  in  electrical  engi¬ 
neering.  Operating  since  1927  in 
conjunction  with  the  University  of 
Pittsburgh,  the  work-study  plan  has 
made  it  possible  for  108  students  to 
receive  master  of  science  degrees 
and  seven  to  receive  doctor  of  phi¬ 
losophy  degrees. 


"MEGGER"  INSULATION  TESTING  INSTRUMENTS 


Today’s  heavy  demand  on  every  type  of  electrical  equipment  makes 
maintenance  a  matter  of  vital  importance.  Regular  check  te;ts  of  the 
insulation  on  motors,  cables,  controls  and  other  electrical  apparatus  will 
save  priceless  time  through  the  detection  of  incipient  failures  and  the 
application  of  corrective  measures. 

Make  sure  that  you  have  a  “Megger”  instrument  and  that  it  is  used 
regularly  and  frequently.  Minutes  with  the  “Megger”  tester  can  save 
days  of  delay.  If  you  are  not  aware  of  the  protection  afforded  by  the  use 
of  “Megger”  instruments  and  their  importance  in  keeping  electrical 
equipment  in  operation,  write  for  the  Pocket  Manual  of  “Megger” 
Practice,  No.  142(J-E. 


Strom berg-Carlson  Co.,  Rochester, 
N.  Y.  has  made  a  deal  with  Armour 
Research  Foundation  for  inclusion 
of  wire  recording  devices  in  the 
company’s  postwar  home  radio  re¬ 
ceivers. 


Western  Electric  Co.,  New  York, 
N.  Y.,  has  become  a  member  of 
Television  Broadcasters  Associa¬ 
tion. 


THE  NEW  U.  S.-MADE  ''MEGGER” 
INSULATION  TESTER  — Consists  essentially  of  a 
direct-reading  true  ohmmeter  of  the  permanent 
magnet  moving  coil  type  mounted  with  a  d-c  hand 
generator  in  a  plastic  molded  case.  Ranges  up  to 
1000  megohms,  with  hand  generators  up  to  $00 
volts.  Widely  used  in  hard  service.  Variable- pressure 
(“Meg”)  and  constant-pressure  (“Super-Meg”) 
types.  Bulletin  1735-E. 


Muzak  Corp. 


New  York,  N.  Y., 
has  plans'for  a  non-advertising  pub¬ 
lic-subscription  f-m  radio 


service. 

Costs  are  reported  to  be  $10  million. 
A  three-channel  service  is  to  be  of¬ 
fered  at  an  individual  cost  of  about 
5^*  a  day. 


THE  ''BRIDGE-MEG''  RESISTANCE  TESTER 

— This  instrument  is  a  combined  “Megger”  Insula¬ 
tion  Tester  and  a  four-dial,  multi-ratio  Wheatstone 
Bridge.  Will  measure  any  ohmic  resistance  from  .01 
ohm  up  to  100  or  200  megohms;  hand  generators 
rated  up  to  1000  volts.  A  complete  and  compact  resist¬ 
ance  measuring  unit  that  is  ideal  for  power  companies 
and  industrial  plants.  Catalog  168S-E. 


Bendix  Radio  Div.,  Bendix  Avia¬ 
tion  Corp.,  Baltimore,  Md.,  has  es¬ 
tablished  a  new  engineering  and 
organization  to  coordinate 


service 

the  company’s  expanding  activities 
in  the  field  of  railroad  radio  com¬ 
munications. 


THE  MIDGET  "MEGGER”  TESTER  — In  many 
ways  the  most  remarkable  “Megger”  instrument  ever 
built.  Weighs  only  3  lbs.— will  fit  an  overcoat  pocket 
or  tool  kit.  Reads  up  to  50  megohms.  Generates  500 
volts  and  is  always  ready  to  use  anywhere  because  of 
the  hand  crank.  Send  for  Catalog  1690-E. 


Foundation, 


Townsend 
Columbus, 
erection  of  a  large  research  labora¬ 
tory  at  Laguna  Beach,  Calif.  Fa- 
estimated  at 


which  are 


cilities, 

$120,000  for  building  and  more  for 
equipment,  will  be  devoted  to  gen- 


j  eral  research  in  the  fields  of  radia- 
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This  question  does  not  presuppose  that  plastics  is 
the  magic  “cure-all.”  On  the  contrary  it  rules  out  the 
lady-luck  influence  as  irrelevant  to  the  problem. 

“Can  it  be  improved  with  Plastics?"  Is  the  number 
one  question  in  any  consideration  of  engineered 
plastics  for  a  product  or  part. 


WITH  PLASTICS? 


CAN  IT  BE  IMPRO¥ 


Our  engineers  are  trained  to  consider  plastics  in  relation  to  the 
requirements  of  a  produa  and  the  improvement  desired.  They 
have  an  appreciation  of  the  complementary  values  of  plastics  and 
metals  and  have  developed  some  original  techniques  with  these 
combinations  which  have  solved  a  number  of  produrt  problems. 

Improvements  in  products  and  parts  have  been  attained  by 
us  through  close  collaboration  with  the  design  and  production 
staffs  of  aircraft  manufacturers.  Along  similar  lines,  we  may  be 
able  to  suggest  applications  of  molded  plastics  to  your  products 
. . .  present  or  planned. 

For  the  right  application  of  plastics  to  your  produa,  call  on 
Plastic  Manufaaurers  during  the  design  stage.  The  design  of 
your  produa  may  determine  how  close  tolerances  can  be  held. 
Seleaion  of  the  right  plastic  material  and  molding  method 
should  be  left  to  our  experienced  judgment.  Send  for  free  copy 
of  Folder  File  £12,  describing  our  facilities. 


THE  SYMIOl  or 
INCINEERING  EXPERIENCE 
AND  MOLDING  SKILL 


DETROIT  2 


LOS  ANGELES  35 


CANADA 


Plastic  Manufacturers 


A.  A  M.  ACCESSORIES  LTD. 
II  MELINDA  ST..  TORONTO 


INCORPORATED 

STAMFORD,  CONNECTICUT 

ENGINEERED  PLASTICS  FOR  INDUSTRIAL  APPLICATIONS 
MOLD  AAAKING  •  INJECTION  &  TRANSFER  MOLDING  •  COMPLETE  ASSEMBLY 
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'VHJTE 


tion,  cosmic  rays,  and  high  and 
ultra-high  frequencies.  It  will  b^^ 
known  as  the  Temple  Hills  Radia¬ 
tion  Laboratory. 


Lafayette  Radio  Corp.,  Chicago, 
Ill.,  and  Atlanta,  Ga.,  has  changed 
its  name  to  Concord  Radio  Corp. 
Policies  and  personnel  remain  un¬ 
changed. 


because  the  tracing 
papers  you  use  just 
won't  stand  up  under 
frequent  corrections  or 
constant  handling? 


Westinghouse  Electric  &  Mpc. 
Co.  has  located  its  prospective  pro¬ 
duction  on  postwar  home  radio  re¬ 
ceivers  at  its  Sunbury,  Pa.,  plant. 
The  company  has  recently  acquired 
a  ■  manufacturing  license  from 
Hazeltine. 


Brown  Instrument  Co.  Div.  of 
Minneapolis  -  Honeywell  Regulator 
Co.,  Philadelphia,  Pa.,  has  a  plan  to 
offer  free  technical  and  practical 
instruction  in  precision  industrial 
instrumentation  for  students  from 
Latin-American  companies. 


/  Memo 


in  your  boss's  bonnet 
to  give  tracing  papers 
the  old  heave-ho,  and 
to  switch  to  tracing 
cloths  .  .  .  Arkwright 
Tracing  Cloths! 


Philips  Lamps  &  Radio  Works, 
Eindhoven,  Netherlands,  was  strip¬ 
ped  of  36  carloads  of  machinery  and 
technical  equipment  by  retreating 
Nazi  forces. 


Templetone  Radio  Co.,  Mystic, 
Conn.,  has  acquired  a  new  plant 
involving  90,000  sq  ft.  of  space  in 
New  London,  Conn.  The  Mystic 
plant  will  be  maintained  for  the 
manufacture  of  radio  cabinets. 


that  frequent  correc¬ 
tions  and  constant 
handling  don't  hurt 
Arkwright  Tracing 
Cloths  a  bit.  in  the  long 
run,  you'll  also  see 
they  cost  no  more  than 
tracing  papers. 
Arkwright  Finishing 
Co.,  Providence,  R.  I. 


Westinghouse  Electric  &  Mfg. 
Co.  has  announced  that  electronic 
tube  production  in  its  lamp  division 
has  expanded  to  30  times  the  dollar 
values  of  tube  production  in  1939. 
Ninety-eight  percent  of  the  tubes 
are  for  war  use. 


PERSONNEL 

Hermann  D.  Mysing  has  been 
made  manager  of  engineering-  serv¬ 
ice  for  the  auto  radio  department 
of  Radio  Corp.  of  America  at  De¬ 
troit,  Mich.  He  was  formerly  in 
charge  of  an  RCA  group  working 
with  the  Signal  Corps. 


Sold  by  loading  drawing 
malorial  doalors  mvorywhoro 


Dorman  D.  Israel  will  preside  as 
chairman  of  the  panel  meeting  com¬ 
mittee  for  the  first  annual  confer¬ 
ence  of  the  Television  Broadcasters 
Association.  He  is  vice  president  in 
charge  of  engineering  and  produc- 


TRACING /CL07HS 


AMERICA'S  STANDARD  FOR  OVER  20  YEARS 
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MSTANDARD 


FREQUJNaES 

10,  20,  40  60,  80  100  120,  140,  160  180,  190' 

,1 

Aixuracy:  10  parts  in  1^000,000 
^  Output  30  wits  at  300,000  ohms 
hJnput  103-123V,  30-^k,,  40  watts 
;  Weight  50  pouiuis 


This  Multi-  frequency  '  generator  '  fur-  ^  circuits,  filters,  reeds — and  in  time  meas- 
nishes  the  frequencies  shown  above  at  urement  can  be  minimized  with  the  aid 
the  turn  of  a  switch.  All  frequencies  are  of  this  instrument, 
obtained  from  a  temperatureKrompen-  Developed  primarily  to  check  frequency 
sated  tuning  fork  and  voltage-stabiUzed  meters  for  precision  war  work,  this 
circuit.^  Multi-frequency  generator  possesses  a 

With  this  unit  it  is  possible  to  calibrate  durability  and  dependability  in 

oscillators  at  many  seleaed  points  with-  service  that  will  prove  an  extra  value  to 
out  encountering  complex  oscilloscope  many  laboratories, 
patterns.  One  of  the  uncertainties  in-  Additional  information  available  on  re¬ 
volved  in  development  work  on  timed  .quest. 


tpoAAl 


OcicUM 


FREQUENCIES 


i 


Manufact  unt  oj 
the 


and  distributor  of 
tTestern  Electric 
Watch -rate  Recorders 


American  Time  Products, 

m  FUth  Avenue  INC.  New  York  19,  N.  Y. 
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Does  Your 

Postwar  Design  Problem 
Call  for  Better  Acoustical 

Reproduction? 


#  Permoflux  Acoustical  Devices  have  brought  vital 
improvement  to  numerous  wartime  communication 
projects.  Many  of  these  developments  will  soon  be 
available  for  the  betterment  of  designs  now  on  your 
own  planning  boards.  Our  engineers  will  be  pleased 
to  confer  with  you  at  any  time. 


tion  for  the  Emerson  Radio  &  Phon¬ 
ograph  Corp.,  New  York,  N.  Y. 


David  Sussin  has  been  made  chief 
of  research  at»  Kelley-Koett  Manu¬ 
facturing  Co.,  Covington,  Ky.  He 
was  formerly  chief  engineer. 

Manfred  K.  Toeppen  has  resigned 
froih  FCC  to  enter  communications 
consulting  engineering  practice  in 
New  York,  N.  Y.  He  was  assistant 
chief  engineer  in  charge  of  the 
Common  Carrier  Division  of  FCC. 


PERi»®fUlX 

PERMOFLUX  CORPORATION 

4916*22  W.  Grand  Ave.,  Chicago  39,  III. 
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BUY  WAR  BONDS  FOR  VICTORY! 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


Dr.  a.  M.  Skellett,  formerly  of 
Bell  Telephone  Laboratories,  has 
been  made  chief  engineer  in  charge 
of  research  at  National  Union  Radio 
Corp.,  Newark,  N.  J. 

A.  C.  Streamer  has  been  elected 
president  of  the  National  Electrical 
Manufacturers  Association  to  suc¬ 
ceed  Leonard  Kebler.  Mr.  Streamer 
is  vice-president  of  Westinghouse 
Electric  &  Manufacturing  Co.; 
Leonard  Kebler  is  chairman  of  the 
board  of  the  Ward  Leonard  Electric 
Co.,  Mt.  Vernon,  N.  Y. 

Morris  H.  Cook  has  been  made  di¬ 
rector  of  specialty  products  develop¬ 
ment  at  Bell  Telephone  Laborator¬ 
ies,  New  York,  N.  Y.  He  was  for¬ 


merly  superintendent  of  manufac¬ 
turing  engineering  at  the  Haw¬ 
thorne  Works  of  Western  Electric 
Co. 

Leslie  J.  Woods,  formerly  vice-pres¬ 
ident  and  general  manager  of  Na¬ 
tional  Union  Radio  Corp.,  has  been 
made  manager  of  the  industrial 
radio  division  of  Philco  Corp.,  De¬ 
troit,  Mich. 

A.  R.  Buckles  has  been  made  chief 
inspector  at  Emerson  Radio  & 
Phonograph  Corp.,  New’  York,  N.  Y. 
He  was  formerly  a  field  engineer 


DUAL  ' 

REGULAR  SEALED-IN 


Normal  indoor  oto,  non-tropical  climato* 


PortobU  oquipmont  not  tubjoct  to  oxcocsivo  shock*  or  vibration 


Outdoor  u»*  in  onclosod  case* 


Tropical,  high  humidity  or  junplo  climato* 


Automotivo  and  aviation  oquipmont 


Corrooivo  otmoophoro*,  a*  chomical,  plating  or  battory  charg¬ 
ing  o*tabli*hmont*  _ _ 

Maritime  and  naval  installation* _ _ _ 

Military  oquipmont _ 

Heavily  dust-laden  atmosphoros,  non-corrosive,  or  desert  con- 


A*  part  of  machinery  operating  with  considerable  shock  or 
vibration _ 


C  A. 


DATA  SHEET  22-L 


APPLICATIONS  of 

Dual  Sealed-In  Electrode 

Selenium  Rectifiers 


Dual  s«aled-in  electrodes  are  a  recent  Selenium  Corporation  of 
America  development  to  meet  demands  of  exceptionally  severe 
service  applications  without  sacrifice  of  the  desirable  character¬ 
istics  of  spring  electrode  contacts. 


Figures  1  and  2  show  how  the  dual  sealed-in  unit  employs  a 
spring  contact  of  conventional  construction  hooded  by  a  spring 
member  shaped  to  conform  to  the  surface  of  the  spring  contact 
. . .  completely  sealing  the  interior.  The  entire  unit  is  then  hermeti¬ 
cally  sealed  with  a  coating  best  suited  to  the  particular  service 
tequirements. 


The  sealing  member  is  of  spring  material,  which  gives  it  an  addi¬ 
tional  function  in  helping  to  maintain  the  contact  spring  against 
the  face  of  the  electrode,  assuring  positive  contact  under  condi¬ 
tions  of  extreme  vibration,,  shock  or  impact. 

Net  result... a  rectifier  that  gives  rugged,  dependable  service 
under  all  atmospheric  conditions. 


The  table  below  lists  the  conditions  likely  to  be  encountered  in 
installing  rectifiers,  a  check  mark  indicating  the  correct  rectifier. 


Figure  1 


SELENIUM  CORPORATION  of  AMERICA 


1719  WEST  PICO  BOULEVARD  •  LOS  ANGELES  15,  CALIFORNIA 


FOREIGN  DIVISION:  FRAZAR  A  HANSEN.  301  CLAY  STREET.  SAN  FRANCISCO  11,  CALIFORNIA 


Standard  Electrode 


332- 


^  Sv  r  ir. 


Invasion  craft  at  every  beachhead  depend  upon 
vital  communications  to  guide  them  safely  through 
their  missions.  Vital  communications  equipment, 
in  turn,  depend  upon  sturdy  components  for  con¬ 
tinued  operations.  Typical  of  these  components  is 
the  Cardwell  Model  TK-300-US  Variable  Air 
Transmitting  Condenser  (illustrated). 

Among  transmitter  manufacturers,  Cardwell 
Condensers  have  the  reputation  for  being  thor¬ 
oughly  acceptable  and  reliable.  Cardwell  pioneered 
the  metal  frame,  grounded  rotor  variable  con¬ 
denser  as  it  is  now  used  in  electronic  equipment, 
and  Cardwell  products  continue  to  be  the  Standard 
of  Comparison.  May  they  go  forward  with  the 
Navy  to  Viaory. 


CARDWELL  ^  CONDENSERS 


THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 


•1  PROSPECT  STREET 


RROOKIYN  I,  N.  V. 


Urbana-Champaign,  Ill.  He  was 
formerly  professor  of  electrical  en¬ 
gineering  at  Ohio  State  University. 

L.  A.  McNabb  has  been  made  vice- 
president  in  charge  of  electronic  de¬ 
sign  and  production  at  Bell  & 
Howell,  Chicago,  Ill. 

Dr.  Mervin  J.  Kelly  has  been 
elected  executive  vice-president  of 
Bell  Telephone  Laboratories,  New 


York,  N.  Y.  He  was  formerly  di¬ 
rector  of  research  in  charge  of  de¬ 
velopment  of  radar  and  other  fields. 

John  S.  Mills  has  been  made  pro¬ 
duction  planning  manager  at  Emer¬ 
son  Radio  &  Phonograph  Corp.,  New 
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!  responsible  for  design  and  develop- 
S  ment  of  radar  equipment  for  the 
I  War  Department. 


Russell  H.  l,asche,  formerly  in 
charge  of  the  company’s  sound 
equipment  division,  has  been  made 
director  of  engineering  and  re¬ 
search  at  Fairchild  Camera  &  In¬ 
strument  Corp.,  New  York,  N.  Y. 


Dr.  W.  L.  Everitt  has  been  ap¬ 
pointed  professor  and  head  of  the 
department  of  electrical  engineer¬ 
ing  at  the  University  of  Illinois, 


CONNECTICUT  TELEPHONE 
&  ELECTRIC  DIVISION 

GREAT  AMERICAN  INDUSTRIES,  INC. 

MERIDEN,  CONNECTICUT 

TELEPHONIC  SYSTEMS  •  SIGNALLING  EQUIPMENT*  ELECTRONIC 
DEVICES  •  ELECTRICAL  EQUIPMENT  •  HOSPITAL  AND  SCHOOL  COM¬ 
MUNICATIONS  AND  SIGNALLING  SYSTEMS  •  IGNITION  SYSTEMS 


The  telephone  vyos  still  a  novel  device  when  Connecticut  Tele¬ 
phone  &  Electric  opened  the  doors  of  its  first  modest  factory. 
Ever  since,  its  people  seem  to  hove  formed  the  habit  of  con¬ 
tributing  to  each  revolutionary  step  ahead  in  communications. 

For  example,  they  helped  to  take  the  electronic  tube  out 
of  the  laboratory,  and  put  it  to  work  for  everybody,  by  pro¬ 
ducing  one  of  the  first  such  tubes  to  be  manufactured  on  a 
commercial  scale. 

For  the  past  four  years,  every  ounce  of  our  engineering 
and  production  experience  has  been  at  work  ^for  Uncle  Sam. 
Postwar  American  industry  will  naturally  seek  to  draw  on  the 
know-how  developed  during  the  war.  Ours  applies  not  only 
to  communications,  but  to  the  general  field  of  electronics  and 
precision  electrical  engineering  and  manufacturing.  If  you 
have  a  problem  involving  communications,  product  improve¬ 
ment,  product  control,  ignition,  or  the  manufacture  of  precision 
electrical  devices,  our  particular  know-how  is  at  your  disposal. 
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RICHARDSON  COMPANY 


York,  N.  Y.  Formerly  chief  project 
manager,  he  had  been  a  production 
engineer  with  the  War  Department 
Dr.  Augustin  Frigon,  former  act¬ 
ing  manager^  has  been  made  gen¬ 
eral  manager  of  Canadian  Broad¬ 
casting  Corp. 


AWARDS 


Workers  of  the  following  con¬ 
cerns  in  the  electronic  field  have 
been  awarded  Army-Navy  E  bur¬ 
gees  for  excellence  in  production: 

Anaconda  Wire  &  Cable  Go. 

South  Mill  and  North  Mill 
Sycamore,  Ill. 

Electronic  Corp.  of  America 
New  York,  N.  Y. 

Essex  Electronics 
Newark,  N.  J. 

Minneapolis-Honeywell 
Regulator  Co. 

Aero  Division 
Chicago,  IlL 

Philco  Corp.  \ 
Simplex  Radio  Div. 
Sandusky,  Ohio 

Sentinel  Radio  Corp. 
Evanston,  Ill. 

Sylvania  Electric  Products,  Inc. 
Brookville,  Pa. 

A  Distinguished  Service  Award 
by  the  Army  Ordnance  Department 
recognizes  outstanding  and  meri¬ 
torious  services  by: 

American  Standards  Association 
New  York,  N.  Y. 

For  meritorious  conduct  and  out¬ 
standing  ability  in  serving  the  Sig¬ 
nal  Corps,  the  War  Department  has 
bestowed  on  the  following  indi¬ 
viduals  the  Legion  of  Merit: 

Colonel  David  SarnofiF 
Radio  Corp.  of  America 
New  York,  N.  Y. 

Colonel  Thompson  H.  Mitchell 
RCA  Communications 
New  York,  N.  Y. 

For  notable  accomplishment  in 
the  electronic  field,  the  Navy  De¬ 
partment  honors  with  its  Certificate 
of  Achievement; 

I  Radar-Radio  Industries 
j  Chicago,  Ill. 

RCA  Laboratories 
Princeton,  N.  J. 


^  ^  A  oft  ^ 

rrt.--  is.  ««“•  i 


J^oAhe(fc(/ 

t  WE  DON’T  MIND  IE  YOU 
READ  OUR  MAIL 


For  it  points  out  facts  that  we  already  know 
[  . . .  and  want  you  to  know. 

’  Five  years  ago,  Sundstrand  installed  gibs 
and  retainer  plates  made  of  Laminated 
INSUROK  in  their  pneumatic  sanders.  And 
in  those  five  years,  not  one  replacement  was 
needed  for  these  two  vital  parts.  Some  of  these 
Sanders  worked  in  water  . . .  some  in  solvents 
. . .  others  finishing  dry  woods  and  metals. 

Yet  this  is  not  a  strange  story  with  Lami¬ 
nated  INSUROK.  For  partsmadeof  INSUROK 
are  ready,  willing,  and  able  to  take  the  abuse 
of  hard  work. 

There  are  many  grades  and  types  of  Lami¬ 
nated  and  Molded  INSUROK.  And  Richard¬ 
son  Plasticians  combine  years  of  experience 
with  the  working  knowledge  of  designers 
and  manufacturers  ...  a  combination  which 
allows  INSUROK  to  meet  practically  every 
industrial  requirement.  Richardson  will  be 
glad  to  work  with  you  in  redesigning  an  old 
line  of  products,  or  in  designing  the  needs  of 
a  new  line.  Write  for  complete  information. 
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SUPER-QUALITY  COILS  AT  REASONABLE  PRICES 


More  and  more  every  day,  the  industry  is  turning  to  Albion 
for  fast,  quality  and  quantity  production  of  coils,  chokes, 
and  transformers.  That’s  because  here  you  benefit  from 
the  unbeatable  combination  of  management  "know  how,” 
skilled  workmanship,  streamlined  facilities,  and  central 
location.  Your  requirements  will  be  given  prompt  and 
thoughtful  attention. 
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ALBION 

COIL  COMPAHY 

ALBION,  ILLINOIS 

R.  F.  AND  TRANSMITTING  COILS  AND  CHOKES; 
I.  F.  TRANSFORMERS 


NEW  PRODUCTS 


F  ungus-Resistant 
Coating 

Designed  for  application  on  phe¬ 
nolic  insulators,  terminal  blocks, 
junction  blocks,  and  the  fixed  wind¬ 
ings  of  motors,  generators  and 
dynamotors  is  a  new  coating  which 
has  been  designated  as  Durad  Fun- 
gus-ResisUut  Coating  No.  524.  The 
manufacturer  states  it  has  been 
tested  for  dielectric  strength,  hard¬ 
ness,  flexibility,  and  resistance  to 
salt  spray  and  thermal  shock. 

Maas  &  Waldstein  Co.,  438  River¬ 
side  Ave.,  Newark,  N.  J. 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


Resistance- Welding  Control 

This  electronic  timing  unit  con¬ 
trols  a-c  resistance  welding  opera¬ 
tions.  •  It  is  easy  to  operate  and  can 
easily  be  applied  to  either  existing 
or  new  installations.  A  single  knob 


one  integral  unit  which  is  leak- 
proof,  shock-proof,  humidity-proof 
and  fungus  resist’ant.  Seal  sizes 
range  from  very  small  to  3  in.  in 
diameter.  Capacitors  and  Koolohm 
resistors  utilizing  glass-to-metal 
seals  are  available  in  8,000  different 
electrical  characteristic  combina¬ 
tions. 

Sprague  Electric  North 

Adams,  Mass. 


Indu§trial  Sound  Equipment 

Available  on  AA-5  priorities  to 
war  plants,  hospitals  and  schools  is 
Model  M-50-C,  50-watt  amplifier 
supplied  complete  with  radio  tuner 
(which  covers  the  full  broadcast 


Electronic  Forge- 
Pressure  Timer 

A  NEW,  PRECISE,  electronic  forge- 
pressure  timer  has  been  incorporat¬ 
ed  in  the  G-E  line  of  capacity 
discharge  controls  for  use  with 
stored-energy  type  resistance  weld¬ 
ing  machines.  The  new  timer, 
designed  for  dual  pressure  spot 
welding  machines  of  the  capacitor 
discharge  type,  functions  to  supply 
accurately  timed  forge-pressure,  so 
that  the  required  welding  energy, 
cracks,  indentations  and  sheet  sepa- 


gives  instant  time  control  from  1  to 
28  cycles  in  steps  of  1  cycle.  The 
unit  handles  welding  powers  from 
i  to  5  kva. 

Electrical  Industries,  Inc.,  42 
Summer  Ave.,  Newark  4,  N.  J. 


band),  record  changer  and  space  for 
record  storage.  A  smaller  25-watt 
model,  complete  with  record  player, 
will  be  available  shortly. 

John  Meek  Industries,  Plymouth, 
Ind. 


Glass-to-Metal  Seals 

Capacitors  and  resistors  are  now 
available  with  glass-to-metal  seals 
to  guard  against  leakage  and  moist¬ 
ure.  The  new  type  seals  make  the 
glass  and  metal  in  these  components 


Floating  Cage-Type 
Speednut 

No  riveting,  welding  or  spinning 
operations,  nor.  any  special  tools, 
are  necessary  to  install  this  new 
self-locking  Speednut  in  screw-re¬ 
ceiving  position  for  blind  attach¬ 
ments.  Although  originally  designed 
for  front  mounting  of  aircraft  in¬ 
struments  (approved  by  Army  Air 
Forces),  this  new  cage  nut  may  be 
used  for  any  type  of  blind  attach¬ 
ment.  It  is  available  in  two  styles: 
A6939,  made  of  brass  and  phosphor 
bronze,  for  use  with  standard  6-32 
machine  screws;  and  A5939,  made 


ration  are  reduced.  The  timer  is 
calibrated  in  milliseconds. 

Industrial  Control  Div.,  General 
Electric  Co.,  Schenectady,  N.  Y. 
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XACTING 


XHE  ELECTIONS  ARE  OVER.  The  essential  greatness  of  the  American 
nation,  the  profound  democratic  spirit  that  has  made  Uncle  Sam  a 
symbol  of  human  liberation  in  the  darkest  corners  of  the  earth,  has 
closed  the  ranks  of  our  people  and  united  them  behind  their  chosen 

Commander-in-Chief. 

• 

Only  a  few  short  weeks  ago,  the  passions  of  political  partisanship 
caused  human  emotions  to  run  high  and  deep  fissures  seemed  to  appear 
in  our  national  life.  Fears  and  suspicions  were  aroused,  hatred,  bigotry, 
racial  prejudice  and  other  subversive  -doctrines  were  spread  broadcast 
by  campaign  orators  lacking  real  issues.  Our  Axis  enemies' gloated  and 
saw  visions  of  a  soft  peace  in  the  success  of  their  “divide  and  conquer” 
technique. 

But  America  was  too  robust  and  intelligent  to  be  undermined  by  its 
greatest  asset.  American  democracy  has  withstood  the  acid  test  of  an 
election  in  the  midst  of  a  war.  And  its  people  emerge  from  a  partisan 
struggle,  united  and  determined  to  work  together  for  a  speedy  victory 
and  an  enduring  peace. 

Nothing  must  be  permitted  to  obstruct  or  frustrate  these  historic 
objectives.  Disruptive  groups  seeking  to  undermine  our  harmony,  con¬ 
fuse  our  minds,  promote  class  discord  and  racial  hatred,  must  be  weeded 
out,  isolated,  quarantined  from  American  life. 

This  is  a  time  for  national  greatness.  We  are  winning  this  war, 
winning  it  because  we  remain  united,  because  we  never  lost  sight  of 
the  crusade  and  the  riches  in  its  victory. 

To  all  of  us,  there  is  the  common  problem  of  making  our  country 
stable,  prosperous,  contented;  of  making  the  world  secure,  peaceful, 
democratic.  If  we  jointly  accept  this  problem,  the  eras  ahead  for  our 
children  are  literally  golden  ones. 

To  these  aims,  we  of  the  Electronic  Corporation  of  America  dedicate 
ourselves,  our  thoughts,  our  energies  and  our  resources. 


Our  tkoHghti  »n  tki»,  and  other  mattert  of  vital  importaneo  to  evorg  Amoriean, 
are  more  fully  expreooed  in  “A  Plan  for  Amcrtea  at  Peaeo”,  tho  U-pag*  book 
prepared  by  a  group  of  dietinguiohed  eeonomioto  and  writore.  Thio  plan,  dooigned, 
ae  it  all  SCA  eguipment,  to  extuting  laboratory  ttandardo,  icill  be  particularly 
intereoting  to  the  men  and  uwnen  of  our  induttry.  We  will  be' glad  to  mail  you 
a  copy,  without  eoet  or  obligation.  Write  for  it  today.  , 
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develops 


production 
improved  Hermetic  Seals 


Conforming  to  Army-Navy  requirements 
for  critical  field  conditions 

Transformers,  condensers,  relays,  vibrators 
and  various  component  parts  can  now  be 
protected  against  heat  and  tropical  humidity, 
salt  spray,  sand  infiltration,  fumes,  fungus 
attack  and  other  varied  conditions  that  cause 
sensitive  equipment  to  fail  under  critical 
conditions. 


In  the  laboratories  beyond  Sperti,  Inc.,  tech¬ 
niques  have  been  discovered  which  permit 
volume  production  of  improved  Hermetic 
Seals  at  low  cost,  safeguarded  by  unique  in¬ 
spection  methods. 

Principal  features  of  the  intproved  Sperti 
Hermetic  Seal  are: 

1.  Small,  occupies  little  space,  one  piece,  no  other 
hardware  needed,  simple  and  easy  to  attach.  (Solder¬ 
ing  temperature  not  critical.) 

3.  Vacuum  tight  hermetic  bond,  hydrogen  pressure 
tested  for  Ieohs. 

3.  Resistant  to  corrosion. 

4.  High  flash-over  voltage.  Does  not  carbonize. 

5.  Insulation  resistance,  30,000  megohms,  minimum, 
after  Navy  immersion  test. 

6.  Thermal  operating  range — 70°  C.  to  200°  C.  Will 
withstand  sudden  temperature  changes  as  great  os 
140°  C 


Wire  or  phene  fer  informaHen,  teday.  Give  era 
cemplete  details  as  pessiMe  se  that  samples  and 
recommendations  may  be  sent  promptly. 


RESEARCH,  DEVEIOPMENT,  MANUFACTURING,  CINCINNATI,  OHIO 


entirely  ufLspiing  steel,  for  use  with 
standard  6Z  sheet-metal  screws. 
Both  styles  are  available  to  fit  panel 
thicknesses  from  0.062  in.  up,  and 
require  only  one  clearance  hole  of 
0.171  in.  diameter.  These  Speednuts 
have  a  wide  range  of  applications 
and  can  be  made  for  larger  screw 
sizes  to  meet  individual  require¬ 
ments. 

Tinnerman  Products,  Inc.,  2106 
Fulton  Rd.,  Cleveland  13,  Ohio. 


Soldering-Iron  Tips 

In  July  1944  Electronics,  a 
soldering  iron  shaped  like  a  pencil 
is  described.  Its  manufacturer  now 
has  available  five  new  interchange¬ 
able  tips  which  may  be  used  with 
the  iron  in  applications  ranging 
from  delicate  operations  to  some  of 
the  larger,  heavier  tasks.  Irons  and 
tips  may  be  purchased  separately 
or  as  a  unit. 

Harry  A.  Ungar,  Inc.,  616  Du- 
commun  St.,  Los  Angeles  12,  Cal. 


Communications  Microphone 

Model  600-D  microphone  is  de¬ 
signed  for  police,  airport,  utility, 
mobile  communications  and  port¬ 
able  PA  systems.  It  has  a  press-to- 
talk  switch,  weighs  9  oz,  and  will 
withstand  temperature  changes 
from  640  to  —186  deg  F.  The  fre¬ 


quency  response  ranges  from  60  to 
8,000  cps,  with  an  output  of  —57 
db.  The  curve  is  substantially  flat 
for  high  articulation. 

Electro-Voice  Corp.,  South  Bend, 
Ind. 
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Gives  You  the  New  Design 
and  Operating  Advantages 
of  CONSTANT  SPEED 


Here  is  a  new  Oster  development  in  a  constant  speed,  governor- 
controlled  motor  that  backs  up  your  good  judgment  when  you 
specify  it  for  applications  where  constant  speed  is  a  necessity. 
This  motor  is  now  in  production  and  deliveries  can  be  made  in 
the  very  near  future.  Here  are  the  features  that  assure  you  of 
satisfaction:  ^ 

Housin9:  Die  cast  aluminum  end  brackets.  Mild  steel  field  housing.  Totally 
enclosed. 

Finish:  Black  anodized  end  brackets.  Cadmium  plated  field  housing. 

Weight:  *15  Oz. 

Bearings:  Single  shielded  ball  bearings,  lubricated  with  a  grease  suitable 
for  any  specific  application.  Bearing  housings  fitted  with  steel  inserts. 
Windings  B  Insulation:  Field  coils  and  armature  wound  with  a  select  grade 
of  insulated  copper  wire  and  impregnated  with  a  high  quality  heat 
and  moisture  resisting  insulating  varnish. 


When  designing  your  post-war 


Brwshos:  Equipped  with  high  grade  metal  graphite  brushes.  Beryllium  cop¬ 
per  brush  springs. 


product,  consider  this  new  Oster 
development  in  applications  where 
constont  speed  is  a  nesessity . . . 


Gevomor:  Furnished  with  a  centrifugal  governor  to  maintain  constant  speed 
over  a  voltage  range  of  25  to  30  volts. 

Tomporaturo  Riso:  Maximum  frame  temperature  rise  at  rated  output  will 
not  exceed  55®  C. 

Modifications:  Motors  can  be  furnished  with  special  shaft  extensions,  mount- 
,  ing  arrangements,  finishes,  leads,  etc.  All  modified  units  are  con¬ 


sidered  special. 


VOITS 


'Rating  of  Motor  | 

Type  BSTG-1A-2 

Horsepower — 1/100  continuous  duty 
Speed— 6000  R.P.M.  ±  1% 

Voltage — 25-30  volts  D.C.  • 

imps,  input — .95  | 

Starting  Torque-^^iQ%  of  full  load 
torque  :  ^ 


Let  us  help  you  fit  this  and  other 
Oster  Alofors  to  your  requirements. 
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in  a-c  appliances  while  in  actual  op¬ 
eration.  The  tester  is  protected 
from  accidental  overload  by  means 
of  a  fuse.  Overall  dimensions  of 
the  unit  are  in.  hisrh,  in.  hi?h 
and  3  in.  deep.  It  weighs  lb. 
The  meter  of  ^e  unit  is  4  in.  sq. 

Hiekok  Electrical  Instrument 
Co.,  10527  Dupont  Ave.,  Cleveland 
8,  Ohio. 
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Voltage-Breakdown  Testers 


The  basic  designjof  the 
2300  Frame  Motor 
has  been  used  in  scores 
of  individual  modihca* 
tions.  Many  of  these 
designs  are  complete  and 
available — others  for 
new  equipment  can 
readily  be  developed. 


Two  TYPES  OF  testers  are  available 
for  simple,  positive  means  of  test¬ 
ing  voltage  breakdown  of  materials 
or  components.  The  first  of  these  is 
Type  P-3,  which  has  an  operating 
range  of  from  zero  to  10,QO0  v  d.c., 
or  from  0  to  8,000  v  ax.  The  second 
type  is  Type  P-1,  which  has  a  slop¬ 
ing  panel  and  a  range  of  from  zero 
to  4,000  V  dx.,  or  from  zero  to 
3,000  V  a.c.  The  voltage  of  these 
instruments  is  continuously  vari¬ 
able  over  the  entire  range.  They 
operate  directly  from  110-130  v, 
50-60  cps,  a.c.  A  panel  light  indi¬ 
cates  when  the  instruments  are  on. 
Breakdown  is  indicated  by  a  red 
signal  light,  and  a  built-in  meter 
indicates  the  direct-reading  voltage. 
Current-limiting  (to  approximately 
60  milliamps)  resistors  safeguard 
the  equipment^  in  the  event  of  a 
d|;^d  short. 

Industrial  Instruments,  Inc.,  17 
Pollock  Ave.,  Jersey  City,  N.  J. 


Electrical  •Appliance  Tester 

An  improved  electrical  appli¬ 
ance  tester,  having  0-20  watts  and 
200-watt  scales,  tests  appliances  op¬ 
erating  on  the  220-v,  th»ce-wire 
Edison  system.  The  tester  is  an 
electronic  instrument  (designated 
as  Model  900).  It  measures  actual 
load  values  of  volts,  amperes^**  and 
watts,  and  quickly  locates  trouble 


2300  FRAME  MOTOR 


1/5  HP  at  3800  RPM 


ELECTRICAL 


Scries  or  shunt  wound 


High  starting  torque 
Low  starting  current 
High' efficiency 
Low  RF  interference 
Unidirectional  or  reversible 
Armature  and  fMd  windings 
vemish  impregnated  and  baked 


MECHANICAL 


Low  woight  factor 
Unusual  compactness 
Completely  enclosed 
Base  or  flango  mounting 
Lemineted  fMd  polos 
Prodsion  beH  boerings 
Segmont-built  commutator 
Pemianent  ond  play  adjustment 


2300  FRAME  MOTORS 

23ia 

S»rl«s 

2310 

Shunt 

Watts  Output,  ht. 

(max.) 

160 

50 

Torque  at  6000  RPM 

(in.  oz.) 

40 

10 

Torque  at  3800  RPM 

(in.  oz.) 

57  .  J 

— 

Lock  Torque 

(in.  oz.) 

120 

14 

Volts  Input 

(min.) 

5 

5 

Volts  Input 

(max.) 

110 

28 

Temperature  Rise 

(int.) 

50®C 

50°C 

Diameter 

2^6" 

2H€ 

Length  less  shaft 

2H‘ 

Shaft  Dio. 

(max.) 

.312* 

.312* 

Weight 

(lbs.) 

2.4 

1.5 

Ensota'Dpd®.  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

(upon  Ad  A.iricma  89  Brood  Sf  ,  Now  York,  U.  S’ A  Cable  "a  S'  -  r 


■  i  f  j.  w,  ■ 


TYPE  108-B  two-sta0«  AmptHI*r 

providM  froiwfortnvr  input  impudancui 
for  oithor  30  or  230  ohms  with  nominol 
output  impodonc*  500  or  8  ohms.  Vari> 
obi*  9oin  65/105  db.  with  oloctronic 
volum*  control.  FroquofKy  rospons*  bot- 
tor  then  ^  1  db.  30/l 6,000  c.p.s.  Powor 
output  +43  V.U.  (20  wotts)  with  loss 
thon  5%  RMS  hormonic  contont.  Noiso 
lovol  full  goin  56  db.  bolow  full  output. 


THE  108  SERIES  consist  of  four  different  amplifiers  available  simply  by  changing  one  or  two  small 

o 

input  panels  on  the  master  chassis.  Except  for  these  input  panels  all  amplifiers  have  the  same  transmission 
characteristics.  Input  impedance,  gain  and  noise  level  depending  on  types  listed  below. 

These  units  are  designed  forthe  highest  type  audio  service  having  gain-frequency  characteristics  better  than 
id  db.  30/l6,000  c.p.s.  Power  output  +43  V.U.  (20  watts)  with  less  than  5%  RMS  harmonic  content. 


TYPE  108-A  Iwo-stego  AmpIMor  providot  Irantformor  input  for 
oHhor  600  ohm  or  bridging.  600  ohm  input  ftxod  gain  61  db.  Bridging 
input  voriublo  gain  6/46  db.  Noito  lovol  68  db.  bolow  full  output. 

TYPE  108-B  at  illuttrotod  and  dotcribod  abavo.  • 

TYPE  108-C  combinot  tho  Input  channolt  of  tho  108-A  and  108-B 
AmpIMort.  Channol  1—600  ohm  input  voriabio  gain  2C/60  db. 


Bridging  input  voriabio  gain  ^42  db.  Channol  2— high  gain  io/lSO 
ohm  input  voriabio  gain  6^102  db.  with  oloctronic  volumo  control. 
Noito  lovol  56  db.  bolow  full  output. 

TYPE  10B-D  two-chonnol  ooch  iojliO  ohm  input.  EMhor  channol 

voriabio  gain  bTjyWt  db.  with  oloctronic  volumo  control.  Noito  lovol 
56  db.  bolow  full  output. 


MOUNTING  ACCESSORIES 

nPE  202-A  Wall  Mounting  Cabinet  permits  universal  installotion  of  108  Series  Amplifiers 
to  any  fiat  surface.  Well  ventilated  and  designed  for  maximum  accessibility,  servicing  and 
convenience  of  installation.  Standard  aluminum  gray  finish. 

TYPE  9-A  Modification  Group  permits  108  Series  Amplifiers  to  mount  on  standard  19“ 
telephone  relay  racks.  Occupies  7"  rock  space.  Allows  servicing  from  front  of  rock. 
Standard  aluminum  gray  finish. 


The  Lang  ev  in  Com  pa  n  n 

INCOnPORATEO  * 

SOUND  REINFORCEMENT  A  ND  R  E  P  R  O  D  U  C  T  I  O  N  ENGINEERING 

j  -  '  * 

NEW  YORK  SAN  FRANCISCO  LOS  ANGELES 

37  W  65  S».,  23  '  -  1050  Howard  St  3  .  -  1000  N  Seward  St  38 
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Improved  Soldering 
Stand 

The  new  model  SS-10  soldering 
stand  embodies  changes  in  the  de¬ 
sign  and  construction  for  greaier 
protection  against  injurious  fumes, 
hand  fatigue,  and  eye  strain.  The 
stand  is  available  with  a  cast 
bracket  for  mounting  on  assembly 


tables,  or  it  can  be  supplied  mounted 
on  a  wood  base.  The  fume  stack 
measures  3  x  9^  x  32  in.  The  shield 
is  fitted  with  a  plate  glass  window, 
or  a  magnifying  glass. 

Dept.  SS,  Ess  Specialty  Corp., 
Bergenfield,  N.  J. 


Miniature  Six-Element 
Oscillograph 

Type  PM-17-A1  is  a  new  self-con¬ 
tained,  compact,  permanent-magnet 
oscillograph.  The  unit  consists 
of  three  principle  systems — the 
optical  system,  the  six  parallel 
galvanometer  channels  and  the 
photosensitive-material  transport¬ 
ing  mechanism  with  internal  motor 
and  removable  film  holder,  which 
are  all  enclosed  within  a  light-tight 
metal  case  measuring  4Jx4Jxl4  in. 
The  weight  of  the  complete  instru¬ 
ment  is  approximately  10  lb.  De¬ 
signed  to  directly  record  small 
values  of  potential  or  current,  such 
as  the  output  of  amplifying  equip¬ 
ment,  this  new  unit  makes  it  pos¬ 
sible  to  obtain  performance  records 
on  many  types  of  equipment  where 
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CURRENT  HOLLISTON  PRODUCTION  indudM  COATED  AND  IMPfiEG* 

MATED  FABRICS  INSULATING  aOTH  BASE  SEPARATOR  QOTHS  rubbM^.  ttarch-flllMl, 
g|az*d.  TRACING  AND  BLUE  PRINT  aOTHS  white  and  blue,  ink  or  pencil.  MAP  QOTH. 
PHOTO  aOTH,  self-odhesive.  REINFORCING  FABRICS.  SIGN,  LABa  AND  TAG  QOTHS, 
waterproof  to  take  any  ink,  meet  any  inking  problem.  BOOK-BINDING  QOTHS.  SHADE 
QOTH,  impregnated  waterproof,  opaque,  translucent  or  light  proof. 

We  urge  you  to  consider  QOTH;  ond  invite  you  to  consult  with  us  concerning  possibilities  ond 
developments  for  your  specific  requirements. 


To  the  basic  F-C-l  we  now  add 
to  broaden  the  use  field  of  special  finished  cloth... 


Printing  means  adding  to  the  finished  cloth  surface  a  color, 
design  or  pattern  purely  decorative  or  in  which  may  be  com* 
bined  a  trade  mark,  firm  name,  pictorial  sketch,  etc. 

Cbth  may  be  surfaced  for  any  printing  or  lithographing 
process  but  as  we  use  the  term  "printing"  we  mean  running 
from  cloth  rolls  on  a  production  basis.  Some  very  novel  and 
beautiful  printed  effects  have  been  produced  on  cloth  for 


bookbinding.  Multiple  colors  may  be  used  and  reasonably 
accurate  register  of  colors  maintained. 

As  cloth  finds  new  fields  of  industrial  use  the  possibilities  of 
printing  become  greater  Printing  may  be  definitely  regarded 
as  one  of  the  major  steps  in  preparing  doth  for  specialized 


larger  general-purpose  oscillo¬ 
graphs  cannot  be  used  because  ol 
space  and  weight  limitations.  A 
wide  range  of  potentials  or  currents 
can  be  recorded  by  the  use  of  ap¬ 
propriate  external  resistors,  instru¬ 
ment  transformers,  or  shunts. 

Bulletin  No.  GEA-4381  describ¬ 
ing  this  instrument  is  available 
from  Gtiiitaal  Electric  Co.,  Schene^ 
tady,  N.  Y. 


Terminal  Blocks 

In  June  1943  Electronics,  the 
editors  described  io  detail  these 
terminal  -  blocks  for  sub-panel 
mounting.  The  blocks  consist  of  in¬ 
dividual  feed-through  terminals 
and  were  originally  available  in  any 
number  of  units  between  1  and  10. 
Now  the  manufacturer  has  avail¬ 
able,  on  factory  production,  blocks 


There  are  many  kinds  of  insulation  of  varying 
degrees  of  efficiency  —  you  know  that  just  as 
you  also  know  that  under  certain  conditions 
many  types  of  insulation  cannot  measure  up  to 
the  responsibility  —  they  may  not  break  down 
all  of  a  sudden,  but  they  don't  last  long. 
Where  mica  ought  to  be  used  that's  where 
nothing  else  will  serve  —  no  compromise. 


which  will  accommodate  any  num¬ 
ber  of  units  between  1  .and  16,  and 
because  of  their  design  the  blocks 
can  be  furnished,  on  specification, 
with  any  number  of  terminals  de¬ 
sired. 

Curtis  Development  &  Mfg  Co., 
1  Crawford  Ave.,  Chicago,  Ill. 


Thermosetting  Plastic 

Thermolax  is  a  thermosetting  plas¬ 
tic,  with  dielectric  characteristics, 
especially  designed  for  insulating 
electrical  components  to  make  them 
salt,  moisture  and  acid  resistant  as 
well  as  impervious  to  fungus  growth 
and  climatic  changes.  The  plastic 
has  low  density  and  is  designed  pri¬ 
marily  for  very  deep  penetration  on 
coils,  capacitors,  wires,  and  vacuum 
impregnation.  The  six  different 
types  available  include  100-PC  for 
thick  applications;  430-GC  which  is 
high  in  penetrating  qualities; 
210-GC  for  extremely  thin  coatings; 
850-26  whose  penetrating  powers 
are  limited  by  a  filler ;  850-26  which 
withstands  high  temperatures;  and 
200-C  which  is  a  thinning  agent  and 
acts  to  speed  up  the  drying  process. 

Thermolex  Liquid  Plastics  Co., 
901  Nepperhan  Ave.,  Yonkers,  N.Y. 
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meter  oe^ 


SAVE  TIME,  WEIGHT,  METAL, 
MONEY  AND  LABOR  WITH 


Meyercord  Decals  are  serving  the  war  effort  in  a  thousand 
different  ways  .  .  .  saving  metal  .  .  .  money  . . .  weight . . . 
and  man-power.  Decal  nameplates,  instructions,  inspec¬ 
tion  data,  serial  numbers,  dial  faces,  insignia,  etc.,  are  used 
on  tanks,  combat  and  merchant  ships,  planes  and  commun¬ 
ication  equipment.  They’re  durable,  washable,  and  can 
be  reproduced  in  any  color,  size  or  design.  No  screws, 
bolts  or  rivets  required  for  application.  No  sharp  edges. 
Meyercord  Decals  can  be  applied  to  flat  convex  or  con¬ 
cave  surfaces . . .  for  interior  or  exterior  use ...  on  metal, 
wood,  fabric,  rubber. .  .even  CRINKLED  MET.\L!  Special 
mar-proof  Decals  are  resistant  to  temperature  extremes, 
fumes,  abrasion ,  vibration.  Free  designing  and  technical 
service.  For  complete  information  address  Dept.  0-12. 


Wsrid't  L*mdi»g  D*calcomaai«  Ma«wfactwr«r 

5323  W«tt  Lak*  Street  *  Chicago  44,  Illinois 


0.00002  TO  10,000  VOLTS 


MODEL  300 


ELECTRONtC 

VOLTMETER 


MODEL  320 
DICADI 
AMPLIEim 


MODEL  403 
MULTIPLIER 


This  enormous  range  of  voltages — five  hundred 
million  to  one— is  accurately  covered  hy  our 
Model  300  Electronic  Voltmeter  and  some  of  the 
accessories  shown  above.  Frequency  range  10  to 
130,000  cycles.  Accuracy  2%  over  most  of  the 
range.  AC  operation.  Five  decade  ranges  with 
logarithmic  scale  make  readings  especially  easy. 
Uniform  decibel  scale  also  provided.  May  also 
be  used  as  a  highly  stable  amplifier,  70  DB 
gain,  flat  to  130,000  cycles. 


mumm  laboratories,  ike. 


BOONTON,  NEW  JERSEY,  U.  S.  A. 
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Tubes  in  Aircraft  Testing 

The  use  of  tube  type  866A  in  dyna¬ 
mometers  which  are  used  to  test 
horsepower  and  performance  of 
airplane  engines  has  been  an¬ 
nounced.  The  tube  and  associated 
equipment  is  used  to  hold  the  speod 


of  the  aircraft  engine  to  tolerances 
of  about  0.1  percent.  The  dynamo¬ 
meter,  by  using  tubes,  holds  the 
speed  of  the  engine  constant  no 
matter  what  the  output  in  horse¬ 
power  is. 

Taylor  Tubes,  Inc.,  2312  Waban- 
sia  Ave.,  Chicago,  Ill. 


Power  Circuit  Transformers 


Power  circuit  transformers  in  ca¬ 
pacities  from  100  to  750  watts  are 
available  with  simple,  effective  cir¬ 
cuit  breakers  for  overload  and 
short-circuit  protection.  These 
transformers  can  be  mounted  di¬ 
rectly  on  machines  to  step  down 
the  550,  440,  or  220  volts  to  110 
volts.  The  circuit  breaker  is  tana- 


per-proof  and  is  housed  in  the  trans¬ 
former  case  with  an  extending  re¬ 
set  button.  Glass-enclosed  fuses  are 
provided  in  place  of  circuit  break¬ 
ers  for  25-  to  75-watt  transformers. 

Jefferson  Electric  Co.,  Bellwood, 
Ill. 
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OF  POSTWAR  IMPORTANCE 
TO  ELECTRONIC  ENGINEERS 


For  tomorrow’s  world — the  world  of 
electronics — sensitive  instruments  and 
finely  integrated  mechanisms  will  re¬ 
quire  the  protection  of  scientific  insu¬ 
lation  against  vibration.  Tolerances 
hitherto  acceptable,  will  have  to  be 
sharply  narrowed. 

Rubber,  undoubtedly,  will  continue 
to  prove  itself  the  most  effective  ma¬ 
terial  for  such  service.  Rubber  mount¬ 
ings,  properly  engineered,  will  helj^ 
reduce  vibration  to  the  vanishing  point. 

This  is  not  a  new  concept.  For  United 
States  Rubber  Company  technicians 
have  been  furnishing  mountings  and 
other  rubber -bonded -to -metal  vital 
parts  for  specific  industrial  uses  over 
a  long  period  of  years  .  .  .  and  with 
steadily  advancing  success. 


The  war  is  affording  even  more  exact- 
•  ing  opportunities  for  test  .  .  .  pro¬ 
viding  invaluable  technical  data. 
In  tanks,  P-T  boats,  aboard  planes 
and  ships  ...  in  the  shock  of  combat, 
U.  S.  Rubber  mountings  have  provided 
the  requisite  protection  for  electronic 
and  electrical  equipment  against  im¬ 
pact  and  vibration. 

The  exact  knowledge  of  the  chemical 
and  physical  properties  of  rubber — 
both  natural  and  synthetic — as  well  as 
the  techniques  for  engineering  it — 
gained  by  "U.S.”  specialists,  is  of  timely 
significance  for  electronic  engineers. 

Manufacturers  in  this  and  allied  fields 
are  sure  to  benefit  quickly  and  con¬ 
tinuously  through  their  cooperation, 
at  war’s  end. 


Sendng  Through  Science 
with  Engineered  Rubber  Mountings 

fJNITED  STATES  RUBBER  COMPANY 

1230  SIXTH  AVENUE,  ROCKEFEEEER  CENTER,  NEW  YORK  20,  N.  Y..  /n  Canada-.  DOMINION  RUBBER  CO.,  LTD. 
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Lacing  Cord 

A  LACING  CORD,  designated  Band- 
Tite  Lacing  Cord,  Grade  R80,  is  a 
plastic  material  which  may  be  used 
in  place  of  waxed  twine  to  lace  or 
tie  together  electric  wires  or  cables 
in  electronic  or  switchboard  appli¬ 
cations.  The  cord  is  unaffected  by 
adverse  weather  conditions  or  by 
tropical  insects.  It  is  somewhat 
elastic  and  retains  its  elasticity 
indefinitely.  The  material  is  easy  to 
handle  because  any  knots  tied  with 
the  cord  will  not  slip  due  to  the 
elasticity.  The  cord  hugs  the  wires 
to  which  it  is  bound  and  remains 
that  way  permanently,  according  to 
the  manufacturer. 

The  Art  Chrome  Co.  of  America, 
141  Malden  St.,  Boston,  Mass. 


SIGMA  RELAYS 

ARE  GOOD 
MIXERS 


Glass-Lens  Indicating  Light 

Available  for  heavy-duty  service 
(120  volts)  is  an  indicating  light 
which  has  been  designated  as  Type 
590  D^E  and  which  features  a 
small-diameter  mounting  hole  and 
a  new  type  of  lens-cap.  The  lens- 
cap  is  a  threaded  type  of  cap  and 
contains  a  heavy-walled  glass  lens, 


Designed  for  great  sensitiv¬ 
ity  and  high  speed.  Sigma 
Relays  are  capable  of  more 
precise  adjustment  than 
most  commercial  relays. 


hen  the  job  at*  hand  re¬ 
quires  large  current  capac¬ 
ity  and  precise  pick-up 
adjustment  it's  a  good  idea 
to  combine  the  Sigma  Re¬ 
lay  with  another  type  to 
obtain  these  characteristics. 


cupped  in  shape.  Servicing  is  eas¬ 
ily  accomplished  without  the  use  of 
tools  or  springs.  The  lens’  design 
provides  180  deg  visibility.  Lenses 
are  available  in  red,  green  blue, 
amber  and  white  with  sand-blasted 
interior  surfaces,  or  in  clear  glass. 

The  H.  R.  Kirkland  Company, 
Morristown,  N.  J. 


This  circuit  breaker  de-  ’  : 

signed  by  Hatton  of  Hart- 

ford  provides  instantaneous  cut-off  when  current  exceeils  a 
pre-set  value. 


Coaxial  Connectorg 

Coaxial  connectors,  designated  as 
Dico,  are  for  use  with  high  fre¬ 
quency  instruments  and  one  of  their 
features  is  the  precision  silver-plat¬ 
ing  of  their  accurately  machined 
brass  bodies  and  berryllium-copper 
contacts.  The  contacts  maintain 
close  contacts  and  are  corrosion  re¬ 
sistant.  These  units  comply  with 
Army  and  Navy  specifications. 

Diamond  Instrument  Co.,  Wake¬ 
field,  Mass. 


Our  engineering  staff  ivill 
gladly  advise  you  of  the 
best  combination  to  meet 
your  requirements. 


relays 

62  CEYLON  ST.,  BOSTON  21,  MASS. 
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^FREEPORT,  ILL.,  U.SA.,  Sales  Offices  in  New  York,  Chicago 
t  Cleveland,  Los  Angeles,  Boston,  Dallas  Portland  (Ore  ) 


Why  MICRO  SWITCH 


ion 


Micro  Switch  provides  lightning-fast,  snap-action 
control  of  electric  circuits  with  reliable  and  positive 
operation  accurately  repeated  over  millions  of  cycles. 

This  performance  is  made  possible  by  use  of  the 
unique,  field  tested,  and  proven  operating  principles 
of  the  Micro  Switch.  The  snap  motion  of  the  Micro 
Switch  contact  is  in  the  same  direction  as  that  of  the 
operating  plunger.  There  are  no  reverse  bends  in  the 
Micro  Switch  spring,  and  there  is  no  life-limiting 
"oil  can”  action. 

The  experience  of  design  engineers  with  millions  of 
Micro  Switches  in  a  great  variety  of  applications  has 
shown  performance  ability  and  operating  character¬ 
istics  never  before  found  in  snap-action  switches. 

Its  small  size,  its  high  electrical  rating,  its  ability  to 
operate  satisfactorily  for  millions  of  operations  on 
minute  movement  and  force  differentials,  its  avail¬ 
ability  in  various  types  of  housings  and  a  wide  range 
of  actuators  .  .  .  have  made  Micro  Switch  the  choice 
of  design  engineers  for  precise  operation  of  many 
types  of  plant  equipment. 

Micro  Switch  Handbook-Catalog  No.  60  will  give  you 
complete  details  as  to  electrical  characteristics,  con¬ 
struction,  applications  and  dimensions.  If  you  hap¬ 
pen  to  be  specializing  in  aircraft  equipment,  also 
send  for  Handbook-Catalog  No.  70. 


Micro  Switch  Operating  Principle 


Th«  operating  principle  of  th«  Micro  Switch  oi  iHwstrated  her*  ii  timple 
ond  fundamentally  correct.  The  long  member  of  the  one-piece  spring 
"C"  is  supported  as  a  cantilever  at  "M”.  The  two  shorter  compression 
members  of  the  spring  rest  in  specially  shaped  (patented)  Vs.  When 
the  plunger  "E"  deforms  the  long  tension  member,  the  cantilever  force 
overcomes  the  vertical  force  supplied  by  the  compression  membgrs  and 
the  free  end  of  the  spriAg  “A”  snaps  the  contact  from  one  stop  to  the 
other  with  lightning-fost  speed.  Snop  action  in  the  reverse  direction 
occurs  when  the  deformation  of  the  tension  members  of  the  spring  by< 
plunger  "E"  is  removed. 

1  n  This  otse-piece  beryllium  copper  spring  is 

I  heat  treated  to  provide  the  high  fatigue 

resistance  necessary  to  insure  a  minimum 
of  5,000,000  trouble-free  mechanical 
i— - - 1  operations,  at  full  overtrovel. 


The  rivet  type  contact  is  of  superfine 
silver  99.95%  pure. 


The  operating  plunger  is  a  highly  polished,  hard, 
stainless  steel  pin  molded  into  on  accurate  Bake- 
lite  head.  This  head  is  so  shaped  that  it  comsot 
rotate,  hence  bears  on  the  switch  spring  at  the 
some  point  through  millions  of  operations. 


HUNDREDS  OF  SPOTS  FOR  MICRO  SWITCHES 


Th«  basic  Micro  Switch  is  a  thumb-size, 
feather-light,  plastic  enclosecf,  precision,, 
snap-action  switch.  Underwriters'  listed 
and  rated  at  1200  V.  A.,  at  125  to  460 
volts  a-c.  Copocity  on  d-c  depends  on 
load  characteristics.  Accurate  repeat 
performance  is  experienced  over  mil¬ 
lions  of  operations.  Wide  variety  of 
basic  switches  and  actuators  meets  re¬ 
quirements  varying  from  high  vibration 
resistance  to  sensitivity  of  operating 
force  and  motion  as  low  os  2/1000 
ounce-inches.  Many  types  of  metal 
housings  ore  available. 

®  1944 


Micro  Switchos  art  osad  as  saMy 
switchas  on  kith  lansian  cabietl 
doors.  A  nornuHy  opan  switch  bradka 
circoil  as  door  is  opanad. 


Two  Micro  Swilchas  with  sprint  typa 
phmttrs  ara  asad  la  insiira  carract 
position  ol  malar  lal  in  jits  and  lituras. 


Does  UnBmHed"— e  dromatic  lolklng  motion  pictum  of  Micro 
SwUchoa,  in  color,  ia  avoiloblo  to  industrial  groupa,  troMne  ctoaae^ 
schoolt  and  eoHogos,  through  Y>A.C>.  Motion  Pleturo  Buroou,  Neap 
York,  Chicago,  %an  FraiKlsoOi.  Sizoi  16  mm.  langih;  40  minutot, 
Writo  us  for  dotoHs. 

A  star  has  boon  oddod  le 
our  "E”  flag  as  furthor  roc- 
ognition  to  tho  mon  and 
woman  of  Micro  SwHdi  for 
maintaining  our  war  pro¬ 
duction  stondords. 


A  DIVISION  OF  FIRST  INDUSTRIAL  CORPORATION 


Let's  All  Back  ffce 
i  Attack— Bay 
EMtra  War  leedb 
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An  aiplosion-proof  Micro  Switch  te 
usad  with  a  spray  tan  to  cut  oil  tha 
ranlilalHitsysttm  of  tho  spray  boath 
autooiatically  whan  tho  tun  is  hnn|  up 

! 

High  Voltage 
Ceramic  Capacitors 

New  types  of  capacitobs  for  ubc 
in  high  frequency  power  circuit'^ 
requiring  a  small  capacitance  of  low 
loss  and  stable  retrack  characteris 
tics  are  available  with  plates  whlcii 
are  pure  silver  fixed  to  the  ceramic. 
NPO  units  have  zero  temperature 


coefficient  and  maintain  a  constant 
capacitance  with  temperature 
change.  The  dielectric  constant  of 
this  ceramic  body  is  approximately 
40.  N760  units  have  a  uniform  re* 
traceable  change  with  temperature 
coefficient  of  —0.00076  /i/if/fi/tf/ 
deg  C. 

Centralab,  900  East  Keefe  Ave., 
Milwaukee  1,  Wis. 


WILL  BE  THE  HEART-BEAT 
OF  TONOBBOW'S  INOBSTBT 


Side-Molded  Iron  Cores 

Molded  by  means  of  pressure  ap¬ 
plied  from  the  sides  rather  than 
from  the  ends,  improved  iron  cores 
are  produced  for  permeability-tun¬ 
ing  applications  at  broadcast  band 
frequencies.  Sim.  ’de-molded 
cores  are  now  aval*  2c r  short¬ 

wave  frequencies  inci*  n  tclevi- 
and  frequency  n  ’ition. 


New  electronic-engineered  timing  devices 
by  Haydon,  now  measuring  and  motivating 
thousands  of  mechanical  functions  in  war¬ 
time  industry,  will  find  wider  scope  in  un¬ 
counted  duties  after  the  war. 

They  ore  engineered  into 
new  applications  for 
homes,  factories,  labora¬ 
tories;  in  transportation 
and  cohimunication  —  in 
short,  Haydon  timing  de¬ 
vices  will  regulate  and 
govern  the  energy  of  to¬ 
morrow,  for  greater  econ¬ 
omy  and  efficiency. 


Sion 

Density  resulting  from  t^:lding 
pressure  extends  evenly  over  the  en¬ 
tire  length  of  the  core,  thus  assur¬ 
ing  uniform  permeability  with  re¬ 
spect  to  length. 

Iron-core  types  available  from 
this  manufacturer  include  both 
standard  and  high-frequency  types; 
insulated  tsrpes ;  iron  cores  for 
choke  coils;  and  others. 

Stackpole  Carbon  Co.,  St.  Marys, 
Pa. 


AC  MOTORS 
Available  4S0 
RPM  to  one 
Revolution  per 
month;  manutac- 
ture4  to  your  tpe- 
dfic  voltage,  fre¬ 
quency  and  speed 
requirement*. 
Special  lubricants 
for  —  60*C,  to 

+io(rc. 


Write  today  for 
your  copy  of  this 
catalogue. 


Dielectric  Test  Set 

For  flash  and  breakdown  test¬ 
ing  of  capacitors,  TAC  Model  No. 
1031-R  dielectric  test  set  is  pro¬ 
vided  with  a  built-in  high  voltage 
cutoff  relay  which  operates  in  con¬ 
junction  with  a  remote  control 
switch  to  apply  test  potential  only 
while  the  remote  switch  is  closed. 
An  additional  feature  of  this  in¬ 
strument  is  the  provision  for  auto¬ 
matically  discharging  capacitive 


DC  MOTORS 
Rsvanible— Com¬ 
pact  —  light  in 
weight  —  with 
seven  segment 
commutator  —  low 
reactance  rotor 
winding  —  alnico 
magnet  field  — 
totally  enclosed. 
Virtually  any 
speed  or  voltoge. 
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ROWE  NAME  PLATE  6-  MANUFACTURIN6  CO 

701  RAVENSWOOD  AVENUE  -  CHICAGO  13.  11  I  INOic; 
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test  specimens  through  a  bleeder 
resistor  when  the  remote  switch  is 
released. 


The  test  set  delivers  up  to  4000-v 
dc,  continuously  adjustable  by 
means  of  a  primary  Variac.  An  out¬ 
put  meter  is  used  to  indicate  the 
voltage  being  applied  to  the  speci- 


Bulletin  1044-F  contains  detailed 
information.  Technical  Apparatus 
Company,  1171  Tremont  Street, 
Boston,  Ma.'^sachusetts. 


Fence-Controller  Tubes 


Type  208  is  a  glow  discharge  tube 
which  is  rated  875  to  950  v  dc  at  8 
milliamp.  Type  207  (illustrated  at 
the  left)  is  a  rectifier  tube.  It  is 
rated  2.5  filament  v,  ac;  filament 
current  2.5  amp ;  maximum  rms  a-c 


Base  to  plane,  ship  to  ship,  and  wherever  radio 
communication  is  vital  in  the  war  effort  .  .  . 
"ERCO  -  Built"  Transmitters  and  Receivers  are 
lip  proving  efficient  and  dependable.  Because  in 

research,  design,  and  manufacture,  the  painstak¬ 
ing  skill  and  expert  talent  behind  ERCO  engineering  assure  the  technical 
perfection  that  only  long  years'  knowledge  and  experience  can  provide. 
Although  largely  occupied  in  wartime  production,  we  are  in  a  position  to 
meet  your  present  requirements  for  specialized  radio  equipment,  priorities 
of  course,  or  to  help  plan  your  postwar  needs.  Your  inquiry  invited. 


volts  12501;  maximum  dc  current 
125  milliamp.  Both  tube  types  have 
glass  envelopes  and  standard  4-pin 
bases.  All  connections  are  brought 
out  to  the  pins  in  the  base. 

Taylor  Tubes  Inc.,  2312  Waban- 
sia  Ave.,  Chicago,  Ill. 


ERCO  RADIO  LABORATORIES  ■ 


Cut-Off  Wheel 


HEMPSTEAD,  NEW  YORK 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 


Designated  as  Bevil  Diamond-Im¬ 
pregnated  Cut-Off  Wheel,  this  wheel 
cuts  all  non-metallic  materials  of 
dense,  brittle  structure  such  as 
quartz,  vitreous  and  ceramic  wares. 
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HEW  AUDIO  OUTPUT  TRANSFORMER 


in  Mm«  COM  fix* 


mkro^hen*  Input  trontform- 


pr,  pnd  Modulption  traMfornpr. 


SPECIALISTS 


BUILDING  TRANSFORMERS  SINCE  1938 


A.  P.  FOSTER  COMPANY 

transformer  engineers  &  MANUFACTURERS 
719  WYOMING  AVENUE,  LOCKLAND  15,  OHIO  (SUBURB  Of  CINCINNATI} 
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Only  1-inch  in  diameter  by  1%  inches  long, 
this  small,  compact  transformer'*'  is  Foster- 
designed  for  a  longer  life  of  steady,  depend¬ 
able  service.  Terminals  are  loop-shaped  for 
easy  hook-up  and  hermetically  sealed  against 
widely  varying  temperature  and  moisture  con- 
ditions  by '  VITROSEAL,  the  sensational  new 
Foster  development  in  hermetic  sealing. 


Wherever  transformers  of  a  specialized  function  or  design  are  involved, 
it  may  well  be  worth  your  while  to  consult  Foster  Engineers  or  a  Foster 
Representative,  who  are  ready  now  to  consult  with  you  on  either  present 
work  or  post-war  planning. 


REPRESENTATIVES 

BOB  REID  810  EAST  57TH  STREET.  INDIANAPOLIS  5.  IND.  TELEPHONE:  BROADWAY  2725 

Bauman  a  bluzat  2753  west  north  avl  Chicago  47,  ill  telephone:  humbolt  6809  io-im2 


And  this  is  only  one  of  more  than  a  thousand  types  of  transformers 
designed  and  custom-built  by  Foster  during  the  past  year. 


FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


porcelain,  glass,  and  tile — easily, 
quickly  and  without  chipping  cr 
cracking.  The  Bevil  process  ir- 
volves  the  use  of  a  fusion  bond 
which  prevents,  the  rim  on  the  wheel 
from  pulling  loose,  or  the  diamonds 
from  wearing  faster  or  dropping 
out  entirely.  Wheels  are  made  in 
sizes  of  3,  4,  6,  8,  10,  12  and  14 
inches.  I^mond  impregation  is 
i-ln. 

Bulletin  No.  15,  describing  these 
wheels  in  detail,  is  available  from 
Uryco,  Inc.,  1516  Mission  St.,  S. 
Pasadena,  Cal. 


Electrostatic  Voltmeter 

In  Type  518  electrostatic  voltme¬ 
ters,  the  insulation  resistance  is 
guaranteed  to  be  higher  than  one 
million  megohms,  making  it  possible 
(without  disturbing  the  circuit) 
to  measure  high-voltage  sources 
which  are  designed  for  a  load  cur¬ 
rent  of  only  a  few  microamps.  It 
is  possible  to  use  these  meters 
for  the  measurement  of  electro¬ 
static  voltages  such  as  are  gener¬ 
ated  in  the  process  of  manufactur¬ 
ing  paper,  cloth,  celluloid,  and  other 
dielectric  materials.  For  a-c  meas¬ 
urements,  the  input  impedance  is 


WHEN  THE  “LONGEST  WAY  ‘ROHND 
IS  THE  SHORTEST  WAY  HOME”... 

Specify  Walker-Turaer  Flexible  Sbaftinq 


In  transmitting  light  powei  ioads  between  two  points,  it  is  often 
possible  to  design  a  simpler,  lighter,  more  compact  product 
with  Flexible  Shafting  than  with  gears. 

You'll  find,  toO,  that  it  pays  to  specify  Walker-Turner  Flexible 
Shafting  on  jobs  like  these  —  for  smoother  power  flow,  more 
sensitive  control,  trovible-free  operation.  Into  this  product, 
we've  packed  all  the  "know-how"  picked  up  in  years  of  manu¬ 
facturing  our  own  flexible  shaft  machines  ...  in  years  of 
working  with  other  manufacturers  on  problems  of  power 
transmission  and  remote  control.  Let  us  know  if  we  can  put 
that  experience  to  work  for  you! 


that  of  a  small  capacitance  in 
parallel  with  a  very  high  leakage 
resistance.  As  an  example,  the 
5000-v  meter  has  a  capacitance 
around  8  micromicrofarads,  and  a 
resistance  of  several  million  meg¬ 
ohms. 

At  present  these  meters  are 
available  in  ranges  of  1,  2,  3,  5,  10 
and  20  kilovolts,  full  scale.  Other 
ranges  are  available  on  special  or¬ 
der.  The  accuracy  is  guaranteed  to 
be  1  percent  or  better,  with  a  scale 
length  of  approximately  51  in.  The 
meters  are  completely  portable. 

Rawson  Electrical  Instrument 
Co.,  Ill  Potter  St.,  Cambridge  42, 


WALKER  -  TURNER  COMPANY.  INC.  Plainfield.  New  Jersey 
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YOU  SAVE  LIVES 
WHEN  YOU  SUPPORT 
ALL  WAR  LOAN  DRIVES! 


Aw«r4«4l  f  fHm  J.  P.  S««bifrf  C#r^*r«-  I 

tiM  f^r  #1  wwr 
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Literature 


Industrial  Brush  Catalog.  Slip 
ring,  commutator,  motor  and  gen¬ 
erator  brushes,  as  well  as  metul 
graphite  and  carbon  products  are 
listed  in  a  24-page  catalog  desig¬ 
nated  as  Price  List  No.  K-15.  Key- 
stone  Carbon  Co.,  Inc.,  Saint 
Marys,  Pa. 


Now,  Even 
Greater  Facilities 


Data  Book.  This  124-page  “Esna 
Data  Book  and  Catalog”  includes 
complete  information  on  three 
types  (Hex,  Anchor,  Clinch-Nut) 
of  elastic  stop  nuts,  out  of  some 
2500  different  kinds  manufactured 
by  Elastic  Stop  Nut  Corp.,  1060 
Broad  St.,  Newark  2,  N.  J. 


Precision  Crystal  Units.  “Quartz 
Crystal  Blanks  and  Units”  is  the 
title  of  a  32-page  well-bound  cata¬ 
log  which  illustrates  and  describes 
crystal  units  available  for  use  in 
broadcasting,  amateur,  aircraft, 
police,  and  marine  activities.  Types 
include:  filter,  test,  multiple,  and 
blanks.  Specifications  for  these  un¬ 
its  are  also  given.  Crystal  Products 
Co.,  1619  McGee  St.,  Kansas  City  8, 
Mo. 


The  new  and  larger  Templetone 
plant  at  New  London,  Conn. 


Within  a  few  weeks  our  entire  Electronics 
Division  will  move  into  new  quarters— af¬ 
fording  not  only  greater  facilities  to  meet 
ever-expanding  wartime  production,  but 
also  greater  scope  to  anticipate  the  great 
electronics  developments  of  peacetime. 
From  this  vast,  new  plant  — containing 
100,000  square  feet  of  space— will  come 
rich  contribution  to  the  vast  commercial 
requirements  at  war's  end. 


Polethylene  Resins.  Forms,  prop¬ 
erties,  fabrication  procedures,  and 
uses  of  polethylene  resins  are  con¬ 
tained  in  a  12-page  catalog.  Plas¬ 
tics  Div.,  Carbide  &  Carbon  Chemi¬ 
cals  Corp.,  30  East  42nd  St.,  New 
York  17,  N.  Y. 


Sylvania  News-Letters.  A  2-page 
index  to  past  issues  of  “Engineer¬ 
ing  News  Letters”  is  available  from 
Sylvania  Electric  Products  Inc., 
Emporium,  Pa. 


Masts,  Towers.  Easy-to-erect  masts 
and  towers  for  radio  communica¬ 
tion  are  graphically  described  in  an 
18-page  catalog.  Harco  Steel  Con¬ 
struction  (3o.,  Inc.,  1180  East 
Broad  St.,  Elizabeth,  N.  J. 


Electronics  Division 


Quartz  Etching.  “Frequency  Etch” 
is  the  name  of  a  pamphlet  which  de¬ 
scribes 


TEMPLETONE  RADIO  MFC.  CORP. 


specially  compounded 
product  for  etching  quartz  oscil¬ 
lator  plates  to  frequency.  Hudson 
American  Corp.,  25  West  43rd  St, 
New  York  18,  N.  Y. 


New  London,  Conn 


December  1944  —  ELECTRONICS 


;1  ... 


LOOK  WHAT’S  HAPPENED  TO  CRYSTAL  OUTPUT 


TODAY  Semi  skilled  workers  on  assemi 
lines  have  increased  output 7500  % 


rr*  l  S  me  n 

were  rcQ.uired  for  cutting  and  mounting 


TODAY  Sinqle  daylt  productioii 


PREWAR  Annual  production  ot 
crystals  by  all  U.S  manufacturers 


from  one  of  Western  Electrics  Crystal  Slwpt  Hllr 


Astonishing?  Perhaps,  hut  it  is  just  one  of  the  Labs  —  all  have  played  their  parts  in  this  war 
many  things  Western  Electric  has  done  to  make  production  miracle. 

better  products  in  larger  quantities  and  at  lower  When  Western  Electric  radio  equipment  is  again 
costs.  Increased  manufacturing  facilities,  new  pro-  available  for  peacetime  use,  you  can  count  on 
duction  methods  and  intensive  research  by  Bell  getting  the  benefits  of  this  wartime  experience. 

* 

Huy  al/  the  War  Bond*  you  ^  A  ^  ^  ^ 

ran^ond  keep  all  you  buy!  V_  r^liPCTflC 
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No*  33446  —  Cavity  Socket 
Contact  Discs 

Naw  Ihaf  Nt*  Sacwt  cla*>McaMon  hat  baan 
IHlacI  fram  Hia  Gawacal  Hadric  typa  G1496 
er  "UghHiauM”  wHra  high  fraqaancy  laha^ 
wa  can  li(t  lha  cavity  cantact  dices  wa  hova 
baan  fornithlng  la  oolharizad  catlamars 
daring  lha  past  law  yaart.  This  sal  consists 
af  Ihiaa  diffaroni  sixo  anhordanad  baryiliom 
coppar  moMHIngar  contact  discs.  Hoot  Iroal* 
ing  insbwdians  farwordod  wHh  aoch  kH  for 
hardaning  oftar  spinning  or  forming  la 
fraqaancy  rsqubamants. 


JAMES  miLLEM 


General  Catalog.  Catalog  C  is  a 
32-page  catalog  which  gives  the 
background  data  of  this  company, 
and  contains  descriptive  matter,  as 
well  as  illustrations  of  such  equip¬ 
ment  as  Q  meter;  QX  checker;  beat- 
frequency  generator,  frequency- 
modulated  signal  generator;  v-h-f 
circuit  checker;  supersonic  oscil- 
■  lator ;  inductors ;  constant-voltage 
transformer;  power  supply;  coup¬ 
ling,  output,  dynamotor,  and  oscil¬ 
lator  units.  Two  pages  are  devoted 
to  an  IQdex  and  prices  of  the  equip¬ 
ment.  Boonton  Radio  Corp.,  Boon- 
ton,  N.  J.  , 

High  Vacuum  Pumps.  Seven  stand¬ 
ard  sizes  of  rotary-piston  (Tjrpe 
RP)  high  vacuum  pumps  (available 
in  capacity  ranges  from  16  to  750 
cfm)  are  thoroughly  described  and 
illustrated  in  a  12-page  catalog 
designated  as  Catalog  No.  80. 
Beach-Russ  Co.,  50  (Church  St., 
New  York  7,  N.  Y. 

D-C  Solenoids.  A  32-page  bulletin*  i 
which  contains  photographs  of  this 
manufacturer’s  full  line  of  d-c  sole¬ 
noids,  together  with  tabular  data, 
dimensional  drawings,  wiring  dia¬ 
grams,  and  response  characteristic 
charts  is  available  from  Cannon 
Electric  Development  Co.,  3209 
Humboldt  St.,  Los  Angeles  31,  Cal. 

Industrial  Timers.  This  is  the  name 
of  a  loose-bound  catalog  which  con¬ 
tains  data  sheets  on  electric  time 
control  devices  such  as  the  manu¬ 
facturer’s  P  and  M  Series  of  auto¬ 
matic  reset  timers;  time  delay 
units;  Series  S  signalling  timers; 
running  time  meter ;  and  a  new  tan¬ 
dem  timer.  Industrial  Timer  Corp., 
117  Edison  Place,  Newark  5,  N.  J. 

Selenium  Rectifiers.  Pertinent  in¬ 
formation  covering  the  character¬ 
istics  and  applications  of  Type  B-L 
metallic  rectifiers  in  electronic  and 
battery-charging  equipment  is  con¬ 
tained  in  Bulletin  R-41.  The  Ben- 
wood  Linze  Co.,  1811  Locust  St,  St 
Louis  3,  Mo. 

Micrometer  Frequency  Meters. 
Types  103  and  105  meters  are  de¬ 
scribed  in  a  36-page  bound  book¬ 
let  entitled  “Micrometer  Frequency 
Meter  Engineering  Data  Sheets” 
which  contains  specifications,  cir- 
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Ours  is  the  plant 
many  plants  ...  mol 
plastic  parts  for  numt 
contractors  who  are  supplying  ths  N 
the  Army  Air  Forces,  and  the  Signal  ( 


Molding  millions  of  precisi 
plastic  parts  for  the  Armed  Force 
still  our  big  job,  but  we  have 
time,  the  equipment  and  a  hig 
skilled  staff  to  handle  a  limited  n 
ber  of  new  contracts  — and  d 
better  molding 

job,  on  time.  : . 

Whether  for  •  Auteta-*i< 

production  now,  :  ini«ctien 

or  after  the  War,  Small  and  lorit 
our  engineers  : 

are  ready  to  :  li'Ut. 

work  with  you  ;  uwnritt, 

immediately.  :  crrsuiiiti 

Write  us  today  ;  itbific«~y 
and  let  us  know  :  styron.  vinyiiti. 
your  molding  j  SST'.'SZ. 
problems.  •  your  nactin 


Memtert  Socitty  of 
tb*  Plastics  Itulmstry 


Lufliarttk, 
Fibootos.  PI 
Crystalllti 
Etbyl  Co... 
folystrtM,  L 
Styron,  VInyliti. 
ColluloM  Acotitii 
othora ...  all  nwM 
your  oiactin 
apoclflcotiin. 
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NATIONAL  COMPANY 


MALDENY< 


MASS,  Ue  Se  A. 


cuit  diagrams,  parts  lists,  and  oper¬ 
ating  instructions.  Seventeen  patjes 
are  devoted  to  tables  which  make  it 
easy  to  determine  the  meter  fu^ca- 
mental-frequericy  for  measuring 
any  transmitter  frequency  fr(.m 
100  kc  to  56  Me.  Lampkin  L^bur- 
atories,  Bradenton,  Fla. 


Wore  an  d  i^etter 

STAR 

PORCELAIN 


Television  Planning.  Telecasting 
equipment  made  by  this  manufac¬ 
turer  is  described  in  a  booklet  called 
“Planning  Your  Television  Sta¬ 
tion.”  This  booklet  also  attempts  to 
give  an  idea  of  the  approximate 
costs  involved  in  planning  a  tele¬ 
vision  station,  the  station’s  set-up, 
and  other  information.  Allen  B. 
DuMont  Laboratories,  Inc..  2  Main 
Ave.,  Passaic,  N.  J. 


"S/<ir  is  now  extruding  por¬ 
celain  rods  and  tubes  for  radio 
and  radar  uses  in  dimensions  of 
to  4"  O.  D.  Shapes  include 
round,  square,  oval  and  fluted 
sections,  noth  solid  and  tubular.** 
Prom  the 

CERAMIC  REPORTER 


Optical  Tools.  This  company  man¬ 
ufactures  precision  optical  equip¬ 
ment  and  instruments  for  visual  in¬ 
spection  of  internal  surfaces,  and 
among  some  of  the  products  de¬ 
scribed  in  a  6-page  folder  are  such 
items  as  Borescopes,  lenses  and 
prisms,  electronic  glass  components, 
industrial  microscopes  and  magni¬ 
fiers.  The  folder  also  describes  the 
facilities  this  company  has  avail¬ 
able  for  the  manufacture  of  its 
products.  Polan  Industries.  Hunt¬ 
ington  19,  West  Va. 


During  the  war  much  equipment  has  been  added  for  the  manu¬ 
facture  of  solid  bars  and  tubes.  This  equipment  enableS  us  to 
make  much  larger  sizes  than  formerly.  In  spite  of  war-time  diffi¬ 
culties,  STAR  researdi  has  developed  even  higher  quality. 


Electronics  Department 

TRENTON,  N.  J. 


OMPANT 


FORCE 


Miniature  Ball  Bearings.  A  com¬ 
plete  and  integrated  line  of  mini¬ 
ature  ball  bearings  for  instrument, 
industrial,  and  special  uses  is  con¬ 
tained  in  Bulletin  No.  44.  Miniature 
Precision  Bearings,  Keene,  N.  H. 


Fastening  Application  Bulletin. 
Type  1  thread-cutting  screws  for 
metals  and  Type  25  thread-cutting 
screws  for  plastics  are  discussed  in 
this  bulletin.  Shakeproof  Inc., 
2501  N.  Keeler  Ave.,  Chicago,  Ill. 


Versatile  is  the  word  for  Atlas 
Sound’s  latest  creation,  the  DR-12  Little 
Giant  (Bell  diameter  7  in.  Overall  length  1\ 
in.)  Its  construction  gives  equally  gratifying  service 
when  used  for  marine  application,  factory,  police  and 
other  communications  ...  a  design  that  has  proven 
itself  more  than  equal  to  War’s  rigorous  demands. 


Bakelite  Booklets.  Two  new  book¬ 
lets  available  from  Bakelite  Cor¬ 
poration  (300  Madison  Ave.,  New 
York  17,  N.  Y.)  include  “Catalog  of 
Bakelite 


and  Vinylite  Plastics” 
which  contains  a  complete  listing  of 
all  the  products  marketed  by  this 
company.  The  second  booklet  is  en¬ 
titled  “Bakelite  Resin  Baking  Cata¬ 
log”  and  it  contains  specific  infor¬ 
mation  on  the  properties  and  char¬ 
acteristics  of  phenolic  resin  baking 
coatings. 


Write  for  detailed  description, 


Brooklyn,  New  York 
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1  PORTABLE  TESTING  INSTRUMENT  WITH  NO  PROiECIINO  PARTS 

RDLLEH-SMITH  TYPE  IP  .  .  . 


Roller-Smith  Type  NP  Portable  Testing  Instru¬ 
ments  are  designed  for  general  service  where  a 
highly  accurate  and  extremely  rugged  instru¬ 
ment  is  required.  The  case  is  made  in  two  ptarts: 
an  outer  walnut  case  and  an  inner  two-piece 
metal  case.  This  construction  furnishes  full 
magnetic  shielding,  protects  the  mechanism 
from  external  strains,  and  the  movement  from 
dust  and  moisture.  The  lid  of  the  instrument  is 
designed  to  completely  cover  the  dial  and  all 
binding  posts,  so  that  when  closed  there  are  no 
projecting  terminals  or  other  parts.  The  window 
is  of  maximum  area  for  high  dial  visibility; 
scale  length  is  5M".  Instruments  are  8“  square 
by  5H"  in  depth  and  weigh  approximately 
7  pounds.  Ratings  cover  a  broad  range  of  test¬ 
ing  requirements. 

Roller-Smith  Type  NP  Instruments  are  supplied 
in  single  or  multiple  ranges  for  the  measure¬ 
ment  of  direct  current  in  milliamperes,  amperes 
and  volts,  and  alternating  current  in  amperes, 
volts,  watts,  power  factor  and  frequency.  D-c 
instrument  mechanisms  are  permanent  magnet 
moving  coil  (d’ Arson val)  type;  a-c  ammeters 
utilize  a  repulsion  iron-vane  mechanism  and 
all  other  a-c  instruments,  an  electro-dynamom¬ 
eter  mechanism. 

Catalog  4340  contains  complete  description  and 
full  information  with  prices.  Write  for  a  copy. 


Panel,  switchboard  and  portable  instruments  of 
practically  every  standard  size,  shape,  capacity, 
type  and  style  are  included  in  the  R-S  line  of 
eh’ctrical  instruments.  Let  us  quote  prices  and 
deliwies  on  your  instrument  requirements. 


PortaMe  Ammeter.  Scale 
Irnath  5*/^a".  Siae  6"  x  6"  x  4". 
Accuracy  ^  of  1  %. 


ROLLER-SMITH 


T>i>e  T.3.5"  Miniature  Panel  Am¬ 
meter.  American  War  .Standard  type 
conforming  with  .4WS  C3V.2 — 1944. 


Sat»t  R»pnsmntotiv0s 
In  all  Principal  Ctfmt 
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Canodion  Plant:  ROLLER-SMITH  MARSLAND  LTD.,  Kitchaner.  Ontario 
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OTHER  R-$  INSTRUMENTS 


1 


NIGH  QUtLITT  LONG  USIING  SOLDERING  IRONS 


THE  ACME  ELECTRIC  &  MANUFACTURING  CO.  •  CURA,  N.  Y.  •  CLYDE,  N.Y 


a  NEW  BOOKS 


Aircraft  Instruments 

By  George  Ellis  Irvin,  late  pretidt  nt, 
Irvin-Aircraft  Instrument  Seh<i'>ig_ 
McGraw-Hill  Book  Co.,  New  York,  ..nd 
ed.,  1914,  607  pages,  price  $5.00. 

In  this  second  edition  much  new 
material  has  been  added.  The  sub¬ 
ject  matter  has  been  consideraoly 
amplified  in  the  chapters  dealing 
with  electrical  type  thermometers 
and  temperature  gages  and  other 
electrical  aircraft  instruments  and 
meters,  the  vapor-pressure  mani¬ 
fold,  the  Weston  a-c/d-c  tachom¬ 
eter,  synchroniser  circuits  and  in¬ 
struments,  Kollsman  hp  indicator, 
Kollsman  accelerometer.  Pioneer 
Magnesyn  compass,  and  fuel  flow¬ 
meter. 

The  operating  principles,  con- 
truction,  procedure  for  testing,  cal¬ 
ibrating  and  repairing  of  numer¬ 
ous  types  of  aircraft  instruments 
are  explained  in  detail.  More  than 
fifty  tables  of  reference  and  work¬ 
ing  data  are  presented. 

The  scope  of  the  volume  covers 
engine  instruments,  navigation  in¬ 
struments,  and  flight  instruments. 
There  are  also  chapters  on  meteor¬ 
ology  and  meteorological  instru¬ 
ments,  instrument-panel  design,  an¬ 
tivibration  mounting  of  airplane 
instruments,  vacuum  pumps,  and 
fabrication  and  installation  of  air¬ 
craft  tubing. 

While  primarily  a  textbook,  the 
information  presented  should  at¬ 
tract  both  technical  and  nontech¬ 
nical  readers,  who  have  a  desire  to 
understand  the  purpose,  funda¬ 
mental  principles  of  design  and  op¬ 
eration  of  the  many  instruments 
now  in  use  in  modem  aircraft.— 
J.K. 


for  sustained 


heavy  production! 


TIm  sMItty  HIXACON  irons  to  moiiitolR  Wool  toMorliic  tomporotnro 
MnSor  contimtoiis  mso,  is  ottostoS  to  by  wMos^roMl  nso  hi  hoary  hiSiistry. 
HIXACON  toataros  inchiSo  lorao  tiMniial>copoclty  coros  for  storhif 
boat  for  cowthmoiis  oporotioii,  and  oxtra  sorfoco .  borrols  to  rodiato 
oxcosslro  standby  tomporatnro. 

Litoratnro  doscribhif  tho  nH-inchisiro  HIXACON  lino  of  scrow  ti#,  pln« 
tib  and  Hotcbot  typo  irons — from  40  to  700  watts,  ond  with  tip  di- 
omotors  ronpinp  from  Vii"  to  1%" — wM  bo  sont  on  roquost. 

HEXACON  ELECTRIC  CO. 

130  WEST  CLAY  AVE.,  ROSELLE  RARK,  NEW  JERSEY 


Alternating  Current 
Bridge  Methods 

By  B.  Hague,  Issaac  Pitman  &  Sons, 
New  York,  5th  ed.,  194S,  616.  pages, 
price  $8.50. 

Dr.  Hague’s  standard  work  on  a-c 
bridges  is  now  in  its  fifth — and 
war — edition,  which  follows  the 
and  arrangement  of  the 


scope 

fourth  edition  (1938)  with  minor 
changes.  Some  new  material  has 
been  added,  as  that  on  copper-oxide 
and  cathode-ray  detectors,  and  an 
appendix  dealing  with  the  sensi¬ 
tivity  of  bridge  networks,  bridged- 
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Electronic  Tubes  used  in  the  communications 
equipment  of  planes  and  ships,  industrial 
controls,  car  radios  and  even  in  home  sets 
are  all  subjected  to  vibration  in  varying  degrees. 
Long  life  and  maintained  efficiency  is  therefore 
very  dependent  on  a  firmly  supported  mount. 

The  demands  of  war  have  emphasized  th« 
importance  of  rugged  construction.  To  impart  a 
new  sturdiness  to  the  mounts  of  miniature  tubes 
TUNG-SOL  Engineers  have  designed  a  plate  con¬ 
struction  for  the  6AK5  that  greatly  strengthens 


the  mount ...  in  fact,  it  makes  it  virtually  impos¬ 
sible  to  tilt  it  after  the  plate  has  been  placed  in 
position.  This  feature  assures  straight,  sturdy 
mounts  and  the  maintenance  of  close  tolerances. 


The  many  dependability  features  that  have  been 
designed  into  TUNG-SOL  tubes  before  and 
during  the  war  will  be  invaluable  to  manufac¬ 
turers  and  users  of  electronic  devices  afterward. 
When  you  are  ready  to  plan  your  post-war  elec¬ 
tronic  products,  have  a  TUNG-^L  Engineer 
sit  in  with  you.  His  knowledge  of  tubes  and  their 
application  will  greatly  simplify  your  job. 


NEW  TUNO-SOL  PLATE  CONSTRUCTION 


The  former  two-piece  plate  in  the  6AKS  tube  was  supported 
only  at  four  points  in  the  center.  In  the  new  TUNG-SOL 
one-piece  plate,  there  are  four  comer  supports,  top  and 
bottom.  This  construaion  provides  a  firm  support  bnween 
micas,  assuring  straight,  sturdy  mounts. 


ELECTRONIC  TUBES 


ninor 
1  has 
oxide 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

ALSO  MANUFACTURERS  OF  MINIATURE  INCANDESCENT  LAMPS.  ALL-GLASS  SEALED  BEAM  HEADLIGHT  LAMPS  AND  CUP'EN»T  INTERMIHORS 
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1  EQUIPMENT  i 


in  S  WESKRN  AVE.,  CHICAGO  11 

;  PHONE  CANAL  7525 


Fast  Emergency 
Service  on  ill 
Industrial 
Installations 


Vital  war  produc¬ 
tion  workers, 
rushing  to  meet 
delivery  dead¬ 
lines,  derive  amaz¬ 
ing  benefit  from 
the  friendly  voice 
and  music  of 
plant  broadcast¬ 
ing  equipment. 
Fast,  efficient  in¬ 
tercom  systems 
are  saving  untold 
executive  man 
hours;  speeding 
work  in  plants 
thruout  the  U.S.  A. 
Many  of  these  in¬ 
dustrial  installa¬ 
tions  are  by  W-J. 

If  a  public  ad¬ 
dress  or  intercom 
system  interests 
you,  a  lot  of  time 
and  trouble  can 
be  saved  by  call- 
ing  or  writing 
W-J.  Depend 
upon  us  also  for 
any  Radio  or  Elec¬ 
tronic  Supplies 
that  you  may 
need.  A  speciid, 
streamlined  In¬ 
dustrial  Emer¬ 
gency  department, 
with  huge  stocks 
and  crack  techni¬ 
cians,  is  ready  to 
give  you  an  en¬ 
tirely  new  concep¬ 
tion  of  speed  and 
efficiency  in  pro¬ 
curement  and  de¬ 
livery.  Ask  today 
for  big  FREE 
Reference  Book 
and  Buyers  Guide. 


T  networks,  a  brief  survey  of  de¬ 
velopments  since  about  1937,  and 
improved  bridge  methods  and 
bridge  apparatus.  No  attempt  has 
been  made  to  present  these  supple¬ 
mentary  notes  as  a  complete  survey 
of  recent  advances. 

Although  there  are  only  five  chap¬ 
ters  the  chapter  headings  will  give 
an  adequate  indication  of  the  scope 
and  content  of  the  volume.  These 
are:  (1)  Fundamental  Principles, 
(2)  Symbolic  Theory  of  Alternat¬ 
ing  Currents  and  Application  to 
Bridge  Networks,  (3)  Apparatus, 
(4)  Classification  of  Bridge  Net¬ 
works,  and  (5)  Choice  of  a  Bridge 
Method  and  the  Precautions  to  be 
Observed  When  Using  It. 

The  research  worker  or  labora¬ 
tory  technician  can  find  many  use¬ 
ful  hints  and  worthwhile  ideas  in 
the  third  chapter,  which  treats  in 
considerable  detail  the  desirable 
features  of  circuit  elements  and 
other  bridge  apparatus,  giving  ex¬ 
amples  of  good  design  and,  when 
possible,  indicating  limitations  and 
ranges  of  the  equipment. 

Chapter  IV  presents  a  concise  de¬ 
scription  and  classification  of 
bridge  networks,  together  with  a 
summary  of  the  literature  concern¬ 
ing  them.  In  some  respects,  this 
chapter  may  be  regarded  as  the 
heart  of  the  entire  volume. 

The  final  chapter  contains  much 
practical  and  theoretical  informa¬ 
tion  which  will  assist  the  labora¬ 
tory  worker  to  select  that  bridge 
arrangement  which  will  prpvide  the 
desired  results  and  the  required 
precision  with  the  minimum  amount 
of  expenditure  of  time,  energy,  and 
equipment.  A  valuable  portion  of 
this  chapter  is  the  summary  of 
bridge  methods  suitable  for  ‘  the 
measurement  of  electrical  quanti¬ 
ties  in  various  ranges.  Errors  due 
to  stray  field  and  grounding  and 
shielding  practice  are  treated  ade¬ 
quately. — ^B.D. 

•  •  • 

Fields  and  Waves  in 
Modern  Radio 

By  Simon  Ramo,  Electronics  Labor¬ 
atory  of  General  Electric  Co.  and  Un- 
.ion  College,  and  John  R.  Whinnery, 
Electronics  Laboratory  of  General 
Electric  Co.,  John  Wiley  and  Sons, 
Inc.,  sot  pages,  $5.00. 

The  AUTHORS  have  coordinated 
much  of  the  material  previously 
published  disjointedly  in  books  and 
papers  for  those  who  have  had  the 


QUICKER 
wiffi  less 
effort 
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SPINTITE 


WRENCHES 


are  going  over  in  a  big 
way  on  long  assembly 
lines,  where  small, 
square,  hexagon  or 
knurled  nuts  are  used. 


Special  SPINTITES  with 
Flexible  Shank  for  inac¬ 
cessible  places. 


Send  for  Catalog  No.  141  illustrating 
a  full  line  of  wrenches  for  Radio, 
Aircraft  and  Automotive  Tools. 


WALDEN 

WORCESTER 


464  SHREWSBURY  STREET 


WORCESTER,  MASSACHUSETTS 
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The  Collins  Radio  organization 
has  always  been  driven  by  the  urge  to  pioneer . . . 

To  introduce  professional  standards  of  design 
and  performance  in  transmitters  and  receivers  for 
radio  hams  in  the  early  thirties. 

To  engineer  a  radio  outfit  that  stood  up  to  the 
rough-and-tumble  of  Admiral  Richard  E.  Byrd’s 
second  expedition  to  Little  America. 

To  take  high  quality  broadcast  equipment  out  of 
the  laboratory  and  make  it  economically  practi¬ 
cable  for  any  broadcasting  station. 

To  meet  the  individual  requirements  of  some  of 
our  great  airlines  with  specially  engineered  commu¬ 
nication  equipment,  including  the  Collins  Autotune.* 

To  be  prepared  on  December  7,  1941,  to  go  into 


production  of  airborne  and  ground  based  radio 
gear  of  highly  advanced  design  for  the  Armed 
Forces — the  result  of  research  and  development 
looking  years  ahead. 

Very  soon,  we  hope,  this  restless  Collins  urge  to 
pioneer  beyond  present  horizons  will  be  exerting 
itself  again  for  the  airlines  and  other  commercial 
and  private  users  of  radio  communication  equip¬ 
ment.  Collins  Radio  Company,  Cedar  Rapids, 
Iowa. 


•The  Collins  Autotune  is  a  repositioning  nwch- 
anism  which  quick-shifts  all  transmitter  or 
receiver  controls  simultaneously  and  with  ex¬ 
treme  precision  to  any  one  of  a  number  of 
pre-determined  frequencies.  U.  S.  Patents 
issued  and  pending. 


electronics  — Oectmbsr  19H 
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314  DEAN  ST.,  BROOKLYN  17,  N.  Y. 
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usual  engineering  courses  through 
calculus.  The  chapter  on  skin  effect 
will  be  recognized  m  an  extension 
of  Mr.  Whinnery’s  article  which  ap¬ 
peared  in  this  magazine  in  Feb. 
1942.  Mr.  Ramo  is  ali^ady  familiar 
to  readers  through  his  paper,  Elec¬ 
trical  CJoncepts  at  Extremely  High 
Frequencies,  which  appeared  in 
Sept.  1942.  — 

The  book  introduces  concepts  by 
means  of  static  fields,  examines  the 
implications  and  limitations  of  such 
an  approach,  develops  exact  and  ap¬ 
proximate  solutions  at  high  fre¬ 
quencies  for  reflection,  absorption 
and  propagation,  and  concludes 
with  wave  guides,  resonant  cavities, 
and  radiation.  The  mathematics 
used  in  dealing  with  these  problems 
includes  vector  analysis,  line  and 
surface  integrals,  transformations 
in  a  complex  plane,  Bessel  Func¬ 
tions,  Maxwell’s  differential  equa¬ 
tions,  and  Poynting’s  vector.  Each 
section  is  well  integrated  to  the 
whole. 

To  those  unfamiliar  with  field 
concepts,  this  book  will  provide  an 
excellent  introduction.  It  is  not  ele¬ 
mentary,  but  it  does  clearly  present 
the  fundamentals,  and  provides  the 
understanding  and  perspective 
necessary  to  study  4nore  specialized 
works. — F.R. 
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forOv0rlSy0ars.. 

Gooft  d«pMidabl«  delivery  of  uniform 
high  quality  partt  has  been  helping  to 
keep  production  on  schedule. 


Aircraft  Production 
Illustration 

-By  George  Tharratt,  MeGraw-HUl 
hook  Co.,  New  York,  19^4,  SOI  pages, 
price  $2.75. 

The  important  functions  of  this 
book  are  the  simplification  of  the 
principles  of  production  illustration 
and  a  review  of  its  value  to  indus¬ 
try.  Various  methods  and  types  of 
production  illustration  are  dis¬ 
cussed  with  the  ultimate  purpose  of 
clarifying  the  subject,  in  easily  un¬ 
derstandable  and  progressive  steps 
to  draughtsmen  and  artists  with  or 
without  any  engineering  back¬ 
ground  or  knowledge. 

Production  illustrations,  as  out¬ 
lined  by  the  author,  are  simple  but 
accurately  drawn  to  scale,  three-di¬ 
mensional  picturizations  of  parts, 
subassemblies  or  any  mechanical 
operation  of  assembling  parts.  They 
provide  production  line  workers 
with  picture  instructions  of  proper 
mechanical  procedure  and  also  af¬ 
ford  engineers  a  quick  method  of 
explaining  operations  to  produc- 


Eichthoubs  of  music ...  several  whole  the  war  only  adding  to  the  exacting 

dramas,  can  be  magnetically  record-  techniques  we've  learned  that  make 
ed  on  one  small  spool  of  wire  as  thin  as  |)os8ibIe  close-tolerance  jHuts  mass-pro- 
human  hair — and  played  back  with  duced  at  low  cost. 

faultless  fidelity  more  than  100,000  times.  If  you  have  a  postwar  precision  prob- 
But  precision  is  as  essential  an  in-  might  find  it  interesting  to 

gredient  of  this  fine  instrument  as  the  discuss  it  with  us. 
wire  or  the  recording-reproducing  head  ( jWwe)  Some  of  the  m«ny 

through  which  it  passes.  thouModeof  our  iMreci^  iSBBBBnNm 

parts  that  help  Keep  em 

Precision  of  that  character  has  been  Arms  and  utabushso  isit 

our  business  for  the  last  thirty  years.  Buy  Mora  Than  Bofora— Buy  EXTRA  War  Bomlt 
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Redesigning  your  instrument  Transformers  for 


POSTWAR? 


•  smaller  current  and  potential 
transformers  for  savings  in 
switchboard  space? 

•  lighter  potential  transformers 
for  portable  use? 

•  savings  in  iron  and  copper — 
for  lower  costs? 


Don't  overlook  the  low  spare  factor  of 


FIBERGLAS*  TAPES 


Design  often  begins  with  space  needed  for  windings 
— including  insulation  on  wire  and  tapes  around 
coils.  And  always,  a  reduction  in  the  bulk  of  insula¬ 
tion  effects  reductions  in  copper  and  iron, 

Fiberglas  Insulating  Tapes  have  very  high  tensile 
strength.  They  permit  an  exceptionally  tight  wrap 
around  coils — for  a  more  compact  winding.  And, 
because  they  can  be  cut  without  seriously  affecting 
their  function  as  a  tape,  Fiberglas  Tapes  minimize 
“bunching”  of  insulation  on  inside  corners  of  coils. 

If  space  is  at  a  premium— remember  that  a  thinner 
Fiberglas  Tape  will  do  the  job  of  a  thicker  organic 
tape.  .And  Fiberglas  Tape  will  occupy  considerably 
less  space  than  equivalent  inorganic  materials. 

Fiberglas  insulation  is  available  in  all  the  common 
sizes  of  equivalent  materials.  For  complete  informa¬ 
tion,  write  Owens-Corning  Fiberglas  Corporation, 
1860  Nicholas  Building,  Toledo  1,  Ohio.  In  Canada, 
Fiberglas  Canada  Ltd.,  Oshatva,  Ontario. 


Fiberglas  is  the  trade  name  for  glass  manufactured  in 
fiber  or  filament  farm  by  Owens-Corning  Fiberglas 
Corporation.  When  made  of  a  glass  specially  farmu- 
lated  for  electrical  uses,  these  fine  filaments  are 
twisted  inta  yarns  ta  be  served  on  wires,  vroven  into 
tapes  and  cloths,  braided  into  sleevings  or  tubings  or 
plied  to  form  cords — to  provide  all  standard  types 
of  plain  or  treated  insulation  required  in  electrical 
equipment. 


Fiberglas 
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tkill  of  a  high  degree  be-  ^ 
comes  habitual,  and  shows  up 
in  the  smallest  detail  —  that’s  * 
Craftsmanship! 

Having  specialized  for  many  years,  Par- 
Metal  has  this  habit  of  Craftsmanship  — 
expressed  throughout  the  entire  line 
which  ranges  from  small  chassis  to 
housings  for  huge  transmitters. 

To  get  a  picture  of  what  Par-Metal 
can  do  now  (and  the  post-war 
possibilities)  write  for  a  ^ 
copy  of  Catalogue 
No.  41-A. 
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PAHELS 

RACKS 


Permanent  Magnet 

MANUAL 


tion  line  supervisora.  In  this  re¬ 
spect  they  do  not  displace  blueprint 
or  engineering-desisrn  drawing,  but 
serve  rather  to  effectively  augment 
them. 

The  author  reviews  the  basic  val¬ 
ues  of  production  illustration  to  in¬ 
dustry.  From  this  standpoint  sev¬ 
eral  important  angles  are  consid¬ 
ered:  elimiualiug  needless  delays 
during  design  stages;  increasing 
production  line  technique;  mini¬ 
mizing  of  possible  changes  in  de¬ 
sign  and  production  after  produc¬ 
tion  routines  have  been  decided. 
Methods  are  suggested  by  which 
this  type  of  illustration  can  be  put 
into  practice  in  existing  plants. 

The  student  angle  of  the  subject 
is  intelligently  approached  in  easily 
assimilated  steps.  Numerous  prob¬ 
lems  are  presented,  and  descriptive 
methods  by  which  they  may  be  suc¬ 
cessfully  worked  out  are  indicated. 

Simple  but  effective  explanations 
are  given  of  the  various  types  and 
methods  of  drawing.  They  include 
such  problems  as  perspective  draw¬ 
ing,  angular  perspective,  determin¬ 
ation  of  vanishing  point,  shades  and 
shadows,  technical  sketching,  ex¬ 
ploded  drawing,  etc.  Detailed  in¬ 
formation  is  presented  on  available 
drafting  material  and  processes. 

Repeated  references  to  the  appli¬ 
cations  of  the  principles  of  produc¬ 
tion  illustrations  in  the  aviation 
field  fulfill  the  obligations  of  the 
title.  However,  it  should  not  be 
overlooked  that  industry  in  general 
not  only  can  take  a  page  out  of  this 
book,  but  can  literally  take  it  from 
cover  to  cover,  finding  much  that 
will  aid  in  the  production  battle 
still  ahead. — R.Q. 


NEW  I  ^  valuable,  up-to-the-minute 
*  manual  on  the  design,  production 
and  application  of  the  modern  permanent 
magnet.  Prepared  by  The  Arnold  Engineer¬ 
ing  Company,  this  is  an  authoritative  trea¬ 
tise  based  on  many  years'  experience  in  the 
production  of  Alnico  permanent  magnets  for  a  wide  range  of 
applications. 

Contents  include  such  subjects  as  Magnet  Materials,  Resistance 
Comparisons,  Physical  and  Magnetic  Properties,  Demagnetiza¬ 
tion  and  Energy  Curves,  Fabrication,  Design  and  Testing. 
Charts  and  tables  illustrate  and  explain  various  aspects  of  the 
discussion. 

Recent  improvements  have  opened  many  new  fields  for  perma¬ 
nent  magnets  to  reduce  the  cost  and  improve  the  efficiency  of 
many  devices. 

•  Writ*  TODAY  for  your  copy  on  your  company  ■•Herhoad. 


The  Liquidation  of 
War  Pr^uctioii 

By  A.  D.  H.  Kaplan,  published  by  Mc¬ 
Graw-Hill  Book  Co.,  SSO  W.  i2nd  St, 
New  York  18,  N.  Y.  138  pages,  price 
$1.50. 

When  the  shooting  is  over  and 
the  economic  life  of  the  country  can 
begin  its  return  to  normalcy  some 
of  the  biggest  problems  will  re¬ 
volve  around  cancellation  of  war 
contracts  and  disposal  of  govern¬ 
ment-owned  surpluses  and  plants. 
This  book  is  a  discussion  of  the 
ramifications  of  those  problems  and 
how  they  might  be  solved. 

The  author  proves,  with  the  help 
of  statistics  and  past  experience, 
that  the  problems  are  not  insur- 
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^^rysfal  Controlled" 

Frequency  Standard 


Tl^  is  1^9  ida«^99j^jp^fc9<|W»nap  ^^jjpferd  to  check  frequency  of 
oscffiatOM  eintf  troiisiiiffWM,  to  cd^Mbni^oNd  align  receivers,  etc.  Can 
be  used  by  the  crystal  manufacturer  ta  check  frequency  standards 
for  -production.  Useful  mony  ways  iif  the  -electronic  laboratory  or 
fac^^.  Provides  output  up  to  40  megacycles  at  1,000,  100  and  10 
kilo^le  inter^ls.  Complete  cost  only  $59.50.  Descriptive  catalog 
shell  on  request. 

BUY  WAK  BONDS  fOR  VICTORY! 


ELECTRONICS  —  December  1944 


DX  CPySTAl  CO 


GENERAL  OFFICES  -1200  N  CLAREMONT  AVE  ,  CHICAGO  22,  ILL  ,  U  S  A 


mountable.  He  finds  that  if  platu 
are  laid  now  and  business,  govem. 
ment  and  labor  will  cooperate  for 
the  common  good  when  the  time 
comes,  there  should  be  a  minimum 
of  unemployment. 

The  book  is  Dr.  Kaplan’s  report 
of  a  year-long  study  of  the  over  all 
reconversion  problem  to  the  Re¬ 
search  Committee  of  the  Committee 
for  Economic  Development.  Dr. 
Kaplan  is  dean  of  the  School  of 
Business  Administration  of  the 
University  of  Denver,  on  leave. 

The  significance  of  this  book  for 
the  electronics  field  lies  in  the  fact 
that  the  major  problem  for  many 
companies  will  be  one  of  conversion 
rather  than  reconversion.  There¬ 
fore,  changing  to  peacetime  pro¬ 
duction  that  will  help  to  hold  un¬ 
employment  at  a  minimum  is  an 
even  greater  problem  than  it  would 
be  if  the  change  was  merely  one  of 
going  back  to  established  products. 
The  recommendations  and  sugges¬ 
tions  in  this  book  should  be  even 
more  significant  for  the  electronics 
industry  than  they  would  for  a 
well-established  field. — k.s.p. 


A  heavy  Coi>per  Bus-Bar  for  panel  board 
and  terminal  aaaemblies  U  Ulustrated,  ac¬ 
curately  duplicated  in  two  planes  with 
angles  formed  both  flat  and  edgewise,  across 
the  material  horisontally  and  vertically. 

DI-ACRO  Bender  No.  2  has  a  forming 
radius  up  to  6'  and  capacity  of  col<i 
rolled  solid  ste^l  bar  or  equivalent. 


Many  electrical  and  other 
parts  can  be’duplicated 
without  dies,  saving  Man 
Hours  and  Critical  Materi¬ 
als  and  helping  to  meet  rush 
delivery  schedules.  DI- 
ACRO  Precision  Machines 

—  Shears,  Brakes,  Benders 

—  form  angle,  chaiyiel,  rod, 
tube,  wire,  moulding,  strip 
stock ;  bi-metals,  dielectrics, 
sensitized  materials,  fiber 
slot  insulation,  frequency 
reeds,  etc. 


S«ad  for  Catalog 
"DIE-LESS 
DUPLICATING" 

showing  all  models  of  DI- 
ARCO  Benders,  Shears  and 
Brakes,  and  many  examples 
of  para  formed  by 

‘‘DIE-LESS  DUPLISATINQ" 


*Dlf-lf$$* 

0UPUCAT1NC 


321  Eiglitli  Ave.  So., 
Mianaopolit  IS,  Mlaa. 


Modern  Operational 
^Mathematics  In  Engineering 

By  Ruel  C.  Churchill,  Professor  of 
Mathematics,  University  of  Michigan. 
McGraw-Hill  Book  Co.,  New  York,  306 
pages,  price  $S.50. 

A  COMPANION  VOLUME  to  the  au¬ 
thor’s  earlier  book  entitled  "Fourier 
Series  and  Boundary  Value  Prob¬ 
lems.” 

This  new  textbook  deals  chiefly 
with  the  solutions  of  problems  in 
engineering  and  physics  that  in¬ 
volve  differential  equations,  by  the 
applications  of  the  Laplace  trans¬ 
formation.  Special  emphasis  is 
placed  on  the  boundary  value  prob¬ 
lems  met  with  in  partial  differential 
equations. 

Problems  containing  ordinary 
differential  equations  and  partial 
equations  are  solved  after  a  discus¬ 
sion  of  the  Laplace  transformation 
and  derivations  of  its  properties, 
with  statements  of  operational 
theorems.  These  problems  demon- 


During  peacetime,  as  the  World’s  largest  loop 
aerial  manufacturers,  our  job  was  to  build  the 
highest  "Q”  loop  for  every  size  and  kind  of 
radio  receiver.  If  you  make  midgets  you  get 
the  same  DX  Isoso-loop  quality  that  goes  into 
the  large  consoles.  All  of  our  present  day 
efibm  are  devoted  to  making  DX  Xtals  but  we 
would  like  to  discuss  your  post  war  receiver 
plans  with  you. 
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Unmagnetized 


None 


Magnetized 


After  Years 


no  loss  of  service 


Don't  blame  us  for  the  queer  looking  formula. 
Our  engineers  told  us  one  day  that  it  is  the 
amount  of  energy  we  put  into  our  magnets. 
Three  hours  of  pencil  chewing  and  six  aspirin 
tablets  later,  we  gave  up  the  whole  thing  as  a 
bad  job,  and  are  passing  it  on  to  you.  They 
said  they'll  be  glad  to  explain  it,  so  drop  us  a 
line.  We'll  get  out  of  range  and  act  as  referee. 


- 

Typical  ol  th*  many  TOriotlM  of  For- 
manonl  Magnoti  dosignod  and  mado 
by  Clnaudagroph 

CINAUDAGRAPH 

CORPORATION 

Electronics  —  Oecembor  1944 

,  U-OC-* 

2  Selleck  St.  Stamford,  Connecticut 

':Y-- 


RECTIFIERS 


PHOTOCELLS 


LABORATORIES,  INC 


LABORATORIES,  INC 


82  MeadO"  SKeel  Ne*  H3*en  10.  Conn 


Meadow  Street  New  Haven  10  Conn 


tinuous  mechanical  systems,  are 
solved  to  illustrate  the  use  of 
theorems  dealing  with  the  functions 
of  a  complex  variable  and  the  in¬ 
version  integral. 

The  last  two  chapters  cover  the 
theory  and  application  of  the 
Sturm-Liouville  systems  of  equa¬ 
tions  and  Fourier  transformations. 

Readers  who  are  primarily  in¬ 
terested  in  engineering  or  physics, 
even  though  they  give  scant  atten¬ 
tion  to  the  details  of  the  various 
mathematical  derivations,  should 
find  the  book  of  value. — j.k. 


Sive  Siaple 
Meats  of 
froeisioB  Coatrol 


Mathematical  and'Physical 
Principles  of  Engineering 
sAnalysis 

By  Walter  C.  Johnson,  Assoc.  Prof, 
of  Elec.  Eng.,  Princeton  University. 
McGraw-Hill  Book  Co.,  New  York  18, 
SJ^S  pages,  price  $3.00,  19^4- 

Although  this  volume  .is  by  no 
means  the  first  to  deal  with  the 
principles  of  engineering  analysis, 
it  appears  to  set  a  new  standard  of  \ 
utilitarianism.  The  reason  for  this 
may  be  that  the  author  writes  as  an 
engineer  rather  than  a  mathemati¬ 
cian,  and  knows  and  can  illustrate 
the  practicality  of  the  mathemati¬ 
cal  treatments  he  deals  with.  For 
this  reason  the  engineer  will  find 
the  volume  a  useful  reference  vol- 

V 

ume. 

The  author  states,  “The  purpose 
of  tbe  book  is  to  present  the  essen-  j 
tial  physical  and  mathematical 
principles  and  methods  of  approach 
that  underlay  the  analysis  of  many 
practical  engineering  problems. 
The  point  of  view  is  primarily  util¬ 
itarian  in  an  engineering  sense  but 
I  is  aimed  at  a  sound  understanding 
1  of  the  basic  principles  and  is  de¬ 
signed  to  form -a  firm  foundation 
for  more  advanced  work.  The  book 
emphasizes  basic  physical  princi¬ 
ples  and  physical  'riasohing,  and  de¬ 
votes  considerable  attention  to,  the 
methods  of  attack,  the  use  of  as¬ 
sumptions,  procedures  in  setting  up 
equations,  the  use  of  mathematics 
as  a  tool  in  accurate  and  quantita¬ 
tive  reasonuig,  and  the  physical  in¬ 
terpretation  of''  mathematical  re¬ 
sults.  Graphical  methods  are  used 
freely,  and  reasonable  approxima¬ 
tions  are  encouraged  provided  they 
lead  to  results  within  the  required 
i  accuracy.”  This  extract,  from  the 
preface,  states  very  well  the  scope 
and  aim  of  the  volume.  It  only 
needs  to  be  added  that  the  volume 


Thi«  pif^aiUronUrt 
modfl  only  ont  of 
s  Mnr*  of  mounting 
•nd  indicmte*  only 
one  of  th*  complete 
ranpe  of  Luxtron* 
cell  xhiM  and  (lies 
avnilabic. 


“Cofirox”  Model  CX-404F23.  • 
full  wove  rectifier  with  high  con* 
version  efficiency,  for  electronic 
control  work.  Rated  at  S  volts 
A.C.,  40  milliamperes  D.C.  con¬ 
tinuous.  Fully  enclosed.  Mounts 
on  a  single  screw. 


Special  tomiinalt,  or  pf«-$oider«d 
lood  wirM,  prevent  overheating 
during  assembly.  Standard  units 
sealed  with  woterprool  lacquers, 
critical-aMiication  units  potted 
in  wax.  Standard  “pellets”  gold 
coated  on  front  surface,  forming 
positive  contact;  for  crMcal  ap¬ 
plications,  gold  used  on  bo^ 
sides.  High  leakage,  but  very 
low  forward  resistance.  Highly 
adaptable  mountings. 

To  these  extros,  iid  Bradley’s 
ability  to  “Cpmox"  rec- 

tifieri  for  sp^fliHa^^icotions, 


Circuit  Mmplicitv  contribotes  to  a 
'  constant  flow  of  power.  The  abil¬ 
ity  ol  Luxtron  Photocells  to  oper¬ 
ate  instruments  and  instrument  re¬ 
lays,  without  amplification,  re¬ 
moves  the  hoxords  of  complex  cir¬ 
cuits. 

This  fact  alone  reeommepds  their 
application  to  precision  control 
prrmiems.  Another  quality  it 
their  exceptional  resistance  to  vi¬ 
bration,  shock  and  generol  mech¬ 
anical  violence.  Thstse  favors  as¬ 
sure  long  service  and  unusual  ad¬ 
herence  to  calibrated  accurocy. 


A»k 

yull  tachnicai 


EnoineaHno  inquhfa*  ora  ol- 
woyx  walcona.  ,,, 

Itlurfrcrtad  doto  Saot  6^  request. 
♦Rag,  U.  S.  Pat.  dflf. 
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SKILLS 


WADSWORTH 

FACILITIES 


Dl«  Making 


Jigs  &  Fixtures 

Gage  Making 

Model  Building 

Milling 

Drilling 

Turning 

Stamping 

• 

Screw  Machining 

#  • 

Hard  Soldering 

,  * 

Heat  Treating 

r 

Line  Assembly 

Polishing 

Lacquering 

Photo  Etching 

Silk  Screening 

1  • 

1^: 

Product  Decorating 

Metals  Laboratory 

Engineering  Design 

Product  Design 

t  m 

4* 

,  1. 


•  •  •  built  up  through  half  a 
century  of  leadership  in  the  ex¬ 
acting  Watch  Case  Industry  will 
be  available  soon  to  many  man¬ 
ufacturers  who  will  require  large 
quantities  of  small  precision 
parts  for  their  postwar  assemblies. 

Work  of  this  character  is  now 
being  supplied  to  many  leading 
companies  which  normally  pro¬ 
duce  radio  equipment,  refrigera¬ 
tors,  automotive  parts,  precision 
instruments. 

Illustrated  are  nine  small  com¬ 
ponents  of  an  Ordnance  assembly 
which  Wadsworth  furnishes  in 
great  numbers.  The  production 
of  these  pieces,  which  are  held  to  i 
very  close  tolerances,  brings  a 
score  of  special  Wadsworth 
facilities  into  play.  ^  ‘;i 

Wadsworth  workers’  feeling 
for  precision  and  their  ability 
to  get  work  out  on  time  will 
ease  postwar  headaches  for  many 
producers?  - 


CURRENTLY 
SERVING  THESE 
INDUSTRIES 

Aircraft 
Automotive 
Bearing 
Electronics 
Instruments 
Machine  Tool 
Small  Arms 
Refrigeration 


DAYTON.  KENTUCKY,  SUBURB  OF  CINCINNATI,  OHIO 

•PNONE  COLONIAL  0104  •  (CINCINNATI  EXCNAN8E) 

«•  » 
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BUD  RADIO,  INC 


CLEVELAND,  OHIO 


fulfills  its  intended  purposes  in  a 
highly  satisfactory  manner. 

Chapter  headings  are :  (1)  Anaiy. 
sis  of  Engineering  Problems,  (2) 
Some  Basic  Physical  Principles, 
(3)  Transient  and  Steady-State 
Conditions,  (4)  Setting  Up  Equa¬ 
tions,  (5)  Graphical  and  Numeri¬ 
cal  Solutions  of  Differential  Equa¬ 
tions,  Ordinary  Differential 

Equations,  (7)  Vector  Representa¬ 
tion  of  Sinusoids,  (8)  Checking 
Equations,  (9)  Dimensional  Analy¬ 
sis,  (10)  Fourier  Series,  and  (11) 
Systems  With  Distributed  Con¬ 
stants. 

The  emphasis  which  is  placed  on 
transient  conditions  in  an  early 
part  of  the  volume  is  in  keeping 
with  recent  developments  in  the 
electrical  field  and  helps  the  stu¬ 
dent  better  to  grasp  the  entire 
problem  of  analysis.  Some  thirty 
pages  are  devoted  to  setting  up  of 
equations,  which  is  frequently  a 
difficult  matter  for  the  student  in 
spite  of  its  importance. 

Operational  procedures  are  em¬ 
ployed  in  treating  ordinary  differ¬ 
ential  equations.  In  most  cases 
electric  circuit  theory  is  employed 
to  illustrate  the  solution  of  the  dif¬ 
ferential  equations.  An  introduc¬ 
tion  to  Bessel’s  equation  and  Bes¬ 
sel  functions  is  included.  The  treat¬ 
ment  of  vector  representations  of 
sinusoids  employs  the  rotating  vec¬ 
tor  e'*  instead  of  the  more  familiar 
trigonometric  components,  thereby 
achieving  greater  rigor  with  simp¬ 
ler  mathematics.  Mechanical  and 
electrical  problems  are  employed  to 
illustrate  mathematical  principles. 
Checking  physical  dimensions  on 
both  sides  of  an  equation,  means 
of  tracing  errors,  and  evaluating 
limiting  cases  are  treated  in  chap¬ 
ter  VIII. — B.D. 


like  this 


And  in  a  jiffy  you  have 
a  good,  firm  Turret  Terminal 


It’s  as  simple  as  that  with  these  heavily  silver 
plated  C.  T.  C.  Turret  Terminal  Lugs.  Quick 
soldering,  too.  Sufficient  metal  is  used  to  give 
them  strength  but  there’s  no  surplus  metal  to 
draw  heat  and  increase  soldering  time. 

C.  T.  C  Turret  Terminal  Lugs  are  stocked  to 
meet  a  wide  range  of  board  thicknesses.  Order 
them  from 


CAMBRIDGE  ^ienmiOHic  CORPORATION 
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Speak  Well — and  Win 

By  William  P.  Sanford,  published  by 
Whittlesey  House,  SSO  W.  ^2nd  St.. 
New  York  18,  N.  Y.  176  pages,  IHl, 
price  $2. 

Electronics  as  an  industry  is  on 
the  spot  because  the  general  public 
has  been  led  to  believe  that  when 
the  war  is  over  this  “new  science” 
is  going  to  revolutionize  our  living 
People  in  the  industry,  especially 
the  leaders,  will  have  a  hard  time  in 
some  instances  explaining  why  this 
revolution  does  not  happen  over¬ 
night  but,  instead,  will  take  years. 
How  effectively  this  job  of  “un¬ 


it's  a  Radio  Buyer's  Guide  to  the  • 

Precision  •  Built,  Best  -  by  -  Test,  Bud  has  been  supplying  this  pre- 
Radio  Parts  that  insure  right  cision  eouipment  s  i  n  c  e  1928, 
results  in  every  stage  of  your,  constantly  stepping  up  the  ele- 
work,  from  experiment  to  fin-  ment  of  Quality  in  both  design 
ished  working  equipment.  and  manuTacture. 

A  POST-CARD  WILL  BRING  YOUR  NEW  BUD  CATALOG.  * 
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m  bULLtllNS  TELL  THE  WHULE  RELAY  STORY 


When  you  can  select  the  relay  that  exactly 
meets  your  requirements  from  a  regular  line, 
you  have  saved  man  power,  time  and  money. 
WARD  LEONARD  RELAYS  include  types 


and  sizes  for  every  application.  They  all  have 
crisp  action,  are  dependable  and  durable  yet 
consume  but  little  current.  Send  for  the  data 
bulletins  of  interest  to  vou. 


■Hllcfin  105 

"Little  tiiant  Relay”  slnttle  pole, 
single  and  double  throw,  t'ontrols  ^ 
HP  on  115-’J30V 

BMliatiN  106 

Midget  Relays  for  light  duty  avail¬ 
able  In  single  and  double  pole,  single 
and  double  throw. 

B■ll•tin  81 

Intermediate  Duty  Relays  in  single 
and  inultlpole  arrangements,  single 
and  double,  throw. 


RELAY  BULLETINS 

BHlIatia  362 

Motor  Driven  Time  Delay  Relays  for 
operation  on  alternating  current. 

BullatiR  104 

Midget  Relay  for  tight  places — Vi¬ 
bration  resistant — Double  Pole.  Dou¬ 
ble  Throw — .Vvailable  for  6  to  115 
volts  A.C.  or  D.C. 

BMlIatin  131  and  132 

Heavy  Duty  Relays  single  and  multi- 
pole,  single  and  double,  contracts 
rated  up  to  25  amp.  on  125-250V. 


Bnlletin  251 

Sensitive  Type  Relays  for  dlre<-t  and 
alternating  current  operating  on  .014 
watts. 

Bnllatin  351 

Thermal  Time  l)elay  Relays  with 
thermostat  built  into  relay  assembly. 

BnlUtin  103 

.Vircraft  Power  Relay.  Single  Pole. 
Single  Throw  for  24  volts  at  25 
amps.  D.C.  Withstands  high  values 
of  acceleration  of  gravity,  shock,  and 
vibration. 


■nbhnnw  nnitovnwnwnnw  ihw  v  n  n  n  w 

Electric  control  devices  since  1992, 


Midget  Metal  Base  Relay 
measures  1%  inches  high  for 
tight  places  in  aircraft  radio 
and  control  circuits  where 
space  is  limited. 


WARD  LEONARD  ELECTRIC  COMPANY.  32  SOUTH  STREET.  MOUNT  VERNON.  NEW  YORK 
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selling”  is  done  will  depend  in  a 
large  measure  on  how  convincingly 
and  clearly  the  technical  problems 
of  electronics,  are  presented  to  the 
public.  That  is  where  ‘‘Speak 
Well — and  W'in”  can  be  especially 
useful  to  those  who  must  do  the 
explaining. 

The  meat  of  this  book  lies  in  the 
first  section,  which  explains  and  il¬ 
lustrates  what  the  author  calls  ‘‘the 
four  constant  aims  of  speaking” — 
communicate,  illustrate,  motivate 
and  activate.  This'  is  followed  by  a 
second  section  that  contains  ten 
speeches  by  various  prominent  peo¬ 
ple  to  demonstrate  these  aims.  The 
final  section  is  a  series  of  hints  on 
preparing  speeches,  effective  de¬ 
livery  and  everyday  speaking  prob¬ 
lems.  The  principles  presented  can 
be  very  useful  to  anyone  who  dis¬ 
cusses  problems  and  ideas  with  as¬ 
sociates,  employers  or  employees. — 
K.S.P. 


NO  SHORTS 


PILOT  LIGHTS  and  DIAL  LIGHT 
BRACKET  ASSEMBLIES 


Gothaid  has  develofiGd  and  standardised  an 
important  terminal  improvement  in  all  Gothard 
Lights.  Specially  embossed  octagon  washers, 
blanked  from  linen  base  laminated  bakelite 
3/32"  in  thickness,  permanently  lock  the  termin¬ 
als  in  position — no  turning — no  shorting — above 
average  insulation.  This  und  other  Gkithaid 
pioneered  features  will  greatly  aid  you  in  estab¬ 
lishing  a  higher  standard  of  performance  in  your 
precision  products.  Ask  for  complete  information. 


Hove  you  tvnf 
for  i  h  •  Now 
Gothard  C  at  a- 
togf 


,  Ultra*Hifeh-F  uenc  y 

Radio  Engineering 

^y  W.  L.  Emery,  Former  Instructor 
of  Electrical  Engineering,  Iowa  State 
College,  The  Macmillan  Co.,  Sew 
York,  19iU,  295  pages,  $3.25. 

Written  as  an  outcsiowth  of  the. 
1941  MIT  conference,  this  book  is 
directed  to  college  students  and 
ESMWT  radio  classes.  The  subjects 
included  are  regulated  power  sup¬ 
plies,  electronic  switching,  cathode- 


1310  NORTH  NINTH  STREET, 


Export  Division:  25  Warren  Street,  New  York  7,  N. 
Cobles:  Simontrice,  New  York 


OPERATION  IN  RUINS 


AfODEl62 

VACUUM  TUBE  VOLTMETER 


SPECIFICATIONS: 

RANGE:  Push  button  selection  of  five  ranges— 1, 3, 10,  30  and  100  volts  a.  c.  or  d.c 
ACCURACY:  2%  of  full  scale.  Useable  from  50  cycles  to  150  megacycles. 
INDICATION:  Linear  for  d.  c  and  calibroted  to  indicate  r.m.s.  values  of  a  sine- 
wave  or  71%  of  the  peak  value  of  a  complex  wove  on  a.  c. 

|K>WER  (SUPPLY:  1 1 5  volts,  40  60  cycle*— no  batteries 
DIMENSIONS:  4%”  wide,  6”  high,  and  816"  deep. 

WEIGHT:  Approximately  six  pounds.  PRICE:  $135.00  f.o.b.  Boonton,  N.  J. 


MEASUREMENTS  CORPORATION 

BOONTON,  NEW  JERSEY 


The  regimental  tignoller  of  a  British 
infantry  unit  reports  to  headquarters 
from  the  ruins  of  Aquino  with  the  Eng¬ 
lish  version  of  the  walkie-talkie 
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THE  JOB  DONE  BETTER 


Pktenu  Uiued  and  pandlnc- 

nectors  and  segments  all  in  one  piece . . .  manufactured  in 
quantity  at  a  fraction  of  the  time  and  cost  of  yesterday’s 
old-fashioned  merhods. 

The  molded  parts  vary  only  plus  or  minus  .008'  in 
length,  thus  eliminating  separate  calibration  charts  for  each 
instrument  in  which  the  commutator  is  used.  This  new 
revolutionary  manufacturing  process  also  eliminates  the 
troublesome  gaps  between  conductor  and  insulator  as  well 
as  the  voltage  breakdown  problem  « 
between  segments  and  mounting. 

We  invite  you  to  confer  with 
Metaplast  Engineers  to  develop  any 
ideas  you  have  for  bringing  up  to  -W- 1"  V 

date  the  manufacture  of  commu- 
utors  or  similar  electrical  devices. 


As  new  as  tomorrow,  are  the  Metaplast  developments . . . 
typified  by  the  above  one-piece  commuutor  with  Meta- 
plated  conneaors  and  commutating  surfaces. 

When  Meuplating  is  used  there  is  no  need  for  slow, 
expensive,  alternate  stacking  of  conductive  and  non-con- 
duaive  pieces . . .  always  with  the  bug-a-boo  of  clamping 
pressure  causing  cold  flow  of  certain  segments  over  the 
commuuting  surface . . .  not  to  mention  the  elimination  of 
the  multitude  of  soldered  joints. 

Developed  jointly  by  electronic  engineers  of  the 
Metaplast  Company  and  Johnson  Service  Company,  Mil¬ 
waukee,  the  commutator  shown  has  sixteen  conducting 
segments  .010'  thick  and  sixty-eight  conducting  segments 
.005"  thick  with  separators  .012'  thick.  The  polystyrene 
pan  is  so  designed  that  each  segment  is  simultaneously 
Metaplated  to  the  proper  one  of  three  connectors . . .  con¬ 


Metaplast  Process  Patented  U.  S.  ond  Foreign  Patents 
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PRECISION  PARTS 

ACCURATE  TUBING 
STARTS  HERE 


Dangerous  errors  in*  instrument  readings 
can  be  caused  by  irregularities  on  the 
inside  surface  of  tubing.  Ace  precision 
ground  steel  mandrels  help  keep  this 
surface  accurate  in  ail  kinds  of  glass, 
fibre,  rubber,  and  plastic  tubes. 

The  Ace  battery  of  centerless  grinders 
offers  economies  in  the  production  of 
mandrels  from  .030'^  to  6.00"  in  diameter, 
and  in  lengths  up  to  20  feet.  Diameters  are 
held  within  .0005".  They  are  round  to 
within  .0002".  And  Ace  can  hold  them 
even  closer  where  necessary. 

Ace  offers  manufacturers  today  a  com¬ 
plete  service  for  producing  small  parts  and 
assemblies.  Here  under  one  roof  is  the 
modem  equipment,  the  abUity  to  do  fast, 
accurate  work  involving  stamping,  ma¬ 
chining,  heat-treating,  or  grinding.  Send 
blueprint,  sketch,  or  sample  for  quotation. 

CURRENT  CAPACITY 
AVAILABLE 

CVLINORICAL  ORINDINO—Multiple 

banks  of  widely  varying  internal 
and  external  cylindrical  grinders  are 
available  for  outside  diameters  up 
to  12"  by  24"  betw'een  centers  .  .  . 
and  inside  diameters  as  small  as 
14"  or  as  large  as  4"  by  2}4''  long. 

TNRiAD  ORiNMNO— Our  battery  of 
Ex-Cell-O  Thread  Grinders  equips 
us  to  give  you  tolerances  of  .0001" 
on  all  Standard  V  Threads,  Acme 
and  Square  Threads,  and  on  single 
or  multiple  leads.  All  sizes  up  to  5" 
diameter  with  threads  8"  long,  on 
parts  up  to  20"  between  centers. 


I  ray  tube  sweep  circuits,  square- 
wave  testing,  transmission  lines, 
uhf  oscillators,  wave  guides  and 
radiators,  as  well  as  the  usual  com- 
{  munication  circuit  elements  and 
I  techniques. 

The  topics  are  presented  briefly 
!  and  directly.  The  mathematics  in¬ 
cludes  calculus  and  vectors.  To 
study,  this  text  intelligently  ^  thf 
student  should  have  had  an  intro- 
I  ductory  course  in  circuits. 

An  outstanding  feature  of  this 
I  textbook  is  the  experiments  associ- 
j  ated  with  each  chapter.  The  experi¬ 
ments  and  problems  are  coordinated 
so  that  the  student  has  an  oppor¬ 
tunity  to  verify  problem-solutions 
in  the  laboratory. 

I  Although  this  book  serves  only 
as  an  introduction  to  a  wide  va¬ 
riety  of  topics,  references  at  the 
end  of  each  chapter  enable  the  stu¬ 
dent  to  extend  basic  knowledge. — 


ACE  MANUFACTURING  CORPORATION 
for  Prochioa  Parts 


125S  E.  ERIE  AVE.,  PHIlAOELfHIA  24,  PA. 


I  Books  Received  for  Review 

THEORY  .\XD  .APPLICATIONS  OF  ELEC¬ 
TRON  TUBES.  By  Herbert  J.  Reich.  Mc- 
Oraw-IIill  Book  Co.,  Inc.,  New  York  18, 

^  1944,  716  pages,  15.00.  Second  edition,  in- 
i  corporating  principal  new  developments  of 
;  the  past  five  years,  rearranging  and  rewrit- 
!  ing  of  much  of  the  original  material  and 
<  inclusion  of  problem  answers. 

■  A  TREATISE  ON  THE  THEORY  OF  BES- 
•  SEL  FUNCTIONS.  By  G.  N.  Watson.  The 
:  Macmillan  Co.,  New  York  (also  University 
I  Press,  Cambridge),  804  pages,  E15.00.  Sec- 
L  ond  edition  of  u  book  originally  completed 
I  in  1922,  embodying  chiefly  the  correction  of 
I  minor  errors  and  misprints  in  the  first  edl- 
I  tioii.  Over  120  pages  are  devoted  to  tables 
ami  extensive  bibliographies.  The  book  de¬ 
velops  applications  of  the  fundamental 
processes  of  the  theory  of  functions  of  com¬ 
plex  variables,  and  presents  collected  results 
in  a  manner  most  useful  to  mathematicians 
and  physicists  who  encounter  Bessel  func¬ 
tions  in  the  course  of  their  researches, 

I'ROnTGAL  GENITIS :  THE  l.TFK  OF 
NIKOLA  TESLA.  By  John  J.  O’Neill.  Ives 
oashburii,  luc.,  _9  \\'.  J)7th  St.,  New  York. 
.T26  pages.  $.T.75.  Biography  of  an  idea-pro¬ 
ducer  who  spurned  both  money  and  women 
during  a  lifetime  devoted  to  science.  Chapter 
headings  outline  the  life  of  the  man.  as  fol 
lows  :  I — Light  and  Power  ;  II — Fortune  and 
Fame;  Ill — Internal  Vibration;  IV — Self- 
Made  Superman  ;  V — Afterglow. 

ELECTRONICS  FOR  BOYS  AND  GIRLS. 
By  Jeanne  Bendick.  Whittlesey  House,  Mc¬ 
Graw-Hill  Book  Co.,  Inc.,  New  York  18,  148 
pages,  $1.5U.  Elementary  and  interesting  ex¬ 
planations  and  definitions,  woven  skillfull.v 
into  a  story  of  what  electronics  is  doing 
now  and  what  it  may  reasonably  be  ex¬ 
pected  to  do  in  the  future  . 

BEHIND  THE  MICROPHONE.  By  John  J. 

I  Floherty.  J.  B.  Lippincott  Co.,  Philadelphia. 

\  Pa.,  207  pages,  $2.00.  A  nontechnical  story 
I  of  people — those  who  appear  before  the 
;  microphones  in  broadcasting  studios  and 
:  those  who  work  behind  the  microphone  to 
■i  strengthen  its  feeble  signals  and  send  them 
to  the  farthest  corners  of  the  world.  Many 
I  excellent  photographic  illustrations,  each 
j  occupying  a  full  page. 

i  RADIO’S  100  MEN  OF  SCIENCE.  By  Or 
rin  E.  Dunlap,  Jr.  Harper  A  Brothers,  New' 
York,  294  pages,  $3.50.  A  collection  of  bio¬ 
graphical  narratives,  stressing  contributions 
to  radio,  electronics,  television  and  radar 
starting  with  Thales  of  Miletus  in  640  B.C. 

,  and  covering  45  men  stUl  living. 
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You  are  planning  / 
for  POST-V^AR  / 


The  advances  in  radio  during  the  war 
have  been  tremendous  . . .  changes  in 
technique  have  been  rapid  and  ur¬ 
gent  .  .  .  ESSEX'S  skill  has  kept  pace 
with  your  every  demand.  Today,  this 
experience  is  being  translated  into 
new  designs  ahd  better  components 
for  tomorrow’s  needs. 

Tomorrow,  your  models  will  be  differ¬ 
ent  and  more  efficient.  ESSEX,  a  reli¬ 
able  source  for  quality  chokes,  coils 
and  transformers,  is  anticipating  your 
changing  picture.  Our  engineers  are 
ready  NOW  to  work  with  you  on  sam¬ 
ples  for  your  post-war  requirements! 
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from  Detco  Radio's  rnigineerlng  vision,  manufacturing  precision^P^ 
Delco  Radio  Division,  General  Motors  Corporotion,  Kokomo,  Indiana. 
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Backtolk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  i  n  d  u  s  t  ry  or 
comment  on  articles 
which  ELECTRONICS 
has  published. 


R*qnir«  No 
Calibration 


RAPID  READINGS  in  2  to  S 
seconds. 


ACCURACY  is  permanent — tin- 
affected  by  the  presence  of  ail 
gases,  including  hydrogen,  and 
condensable  vapors  including 
water. 


Electron  Microscope 

Referring  to  the  notice  on  Page 
362,  of  the  March  1944  Edition  of 
Electronics,  please  note  that  the 
inventor  of  the  electron  miscroscope 
is  Heinrich  Siedentopf,  Professor 
of  Physics  at  the  University  of 
Goettingen,  Germany,  who,  together 
with  Professor  Zsigmondi,  the  col¬ 
loidal  chemist,  of  the  same  Univer¬ 
sity,  received  the  Nobel  Price  for 
this  invention.  Compare  E. 
Brueche:  “Zur  Entstehung  des 
Elektron-Mikroskops”,  reprinted  in 
the  U.  S.  by  the  Enemy  Alien  Cus¬ 
todian,  originally  in  the  Physika- 
lische  Zeitschrift,  April,  1943, 
which  article  contains  much  about 
the  early  and  more  recent  history 
and  development  of  the  electron 
microscope  in  Germany.  I  shall  be 
glad  to  see  this  contribution  to  the 
truth  published  in  your  paper. 

L.  A.  Austria.n 

Chicago,  lit. 


PORTABLE  OR  PERMANENT 
MOUNTING.  Rugged,  compact, 
light  in  weight.  Simple  to  oper¬ 
ate  —  just  tip  and  read. 


THREE  MODELS 

A.  0  to  SOOO  mieroii* 

B.  0  to  700  micron*  (with 
roading*  to  Vio  micron) 

C.  0  to  70  micron*  (with 
roading*  to  Hoo  micron) 

THOUSANDS  IN  USE. 

F;  1.  STOKES  MACIH^IIE  CO. 
6046  Tabor  Road  *'  „Ph]^adelpliio  20,  Pa. 


PUMPS  •  GAUGES  •  EQUIPMENT 


ENGINEERS:  Here’s 
the  BIG  POINT  about 

AMPERITE 

REGULATORS 


On  Electronic  Music 

Gentlemen : 

]  HAVE  READ  w’ith  interest  the  article 
by  Sidney  T.  Fisher  in  your  May 
1944  issue  on  an  Argument  for 
Electronic  Music.  However,  the 
problem  of  adapting  a  keyboard 
instrument  to  the  true,  un-tempered 
scale  is  not  quite  so  simple.  The 
musical  scale  does  not  consist  of  a 
fixed  series  of  frequencies  but  is 
flexible  even  within  a  given  key,  as 
recently  pointed  out  by  Lloyd. 
(Lloyd,  L.  S.,  Music  &  Letters,  24, 
133,  1943;  Phil.  Mag.,  34,  472, 1943.) 

For  example,  when  Mr.  Fischer’s 
organ  is  tuned  to  the  key  of  C  the 
D-minor  chord  (which  occurs  fre¬ 
quently  in  C-major  music)  will 
produce  a  harsh  dissonance  because 
its  frequencies  (9/8:4/3:5  3)  are 
not  in  the  correct  ratios  for  a  justly 


1.  Amperites  cut  battery 


voltage  from  f 

2.  — 

humidity.  g 

3.  Compact  .  .  .  light  .  . 
and  inexpensive.  || 

^Used  by  U.S.  Army,  Navy, 

and  Air  Corps.  ; 

aPAyPEt  AYS  i  For  delays  from  1  to  100  seconds.  J 

0iermeticaIly  sealed.  UnaUected  by  altitude. . . .  Send  for  catalogue  sheet. 

i^i^NEW!  4-page  folder  will  help  you  solve  Current  and  Voltage  Problems;, 
HS^tains  much  valuable  data  in  practical  loim  — Write  for  ^  ^uyopy  novgi 
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exceiient  service. 

A  folder  describing  the  standard  trimmers  is  available 
at  your  request. 


i  CHOKFCOIIS  1 

It.  ...  . 

kJOON,  we  hope,  the  time 
will  come  to  beat  the  sword  into  a  ploughshare  again. 
When  that  time  comes,  AUTOMATIC  will  be  ready  to 
resume  the  position  of  leader  in  thp  Mica  Trimmer 
field.  All  of  our  pre-war  tooling  can  be  put  into  service 
without,  delay — and  we  still  hove  the  same  skills  and 
experience,  waiting  to  give  you  once  again  the  some 
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tuned  minor  triad  (10:12:15).  For 
use  in  this  chord,  the  frequency  of 
D  must  be  10/9  instead  of  9/8, 
which  could  only  be  obtained  by 
momentarily  shifting  the  organ  tc 
the  key  of  F  whenever  this  chord 
occurs.  The  same  difficulty  of  fre¬ 
quent  shifts  is  found,  to  an  en¬ 
hanced  degree,  in  modern  pol5rtonal 
music  in  which  a  given  key  may  be 
used  for  less  than  a  full  measure 
before  changing  to  another  key. 
Certain  passages  from  the  works  of 
Cesar  Franck  would  require  chang¬ 
ing  the  tuning  of  the  organ  so  fre¬ 
quently  that  the  left  foot  would  be 
kept  too  busy  to  play  the  pedal 
notes. 

Those  who  have  played  much  or¬ 
gan  music  will  not  be  enthusiastic 
about  making  the  organ  a  trans¬ 
posing  instrument  to  be  always 
played  as  though  in  the  key  of  C. 
Aside  from  the  greater  ease  in 
sight-reading,  the  key  of  C  is  about 
the  most  difficult  in  which  to  exe- 
^cute  intricate  music.  Keys  involv¬ 
ing  several  sharps  or  flats  are  much 
easier  because  the  raised  and  sepa¬ 
rated  nature  of  the  black  keys  is 
a  distinct  help  in  fast  work  on  the 
manuals,  as  well  as  in  feeling  for 
pedal  notes.  From  the  standpoint 
of  execution,  a  better  key  into 
which  to  transpose  all  music  would 
be  the  key  of  E-flat. 

The  problem  could  perhaps  be 
solved  by  re-designing  the  keyboard 
so  that  each  note,  instead  of  having 
three  modifications  (sharp,  flat,  and 
natural),  would  have  five  modifica¬ 
tions  (natural,  sharp,  flat,  one  in 
which  the  frequency  is  raised  by 
81/80,  and  one  in  which  the  fre¬ 
quency  is  lowered  by  (80/81).  This 
would  obviate  the  necessity  of  re¬ 
tuning  the  organ  for  each  change 
of  key,  since  all  the  required  fre¬ 
quencies  would  be  instantly  avail¬ 
able  at  the  fingertips.  Such  a  key¬ 
board  would,  however,  be  much 
more  complicated  than  the  tradi¬ 
tional  one. 

An  electronic  orchestra  could 
easily  play  the  true  frequencies, 
since  each  player  would  have  com¬ 
mand  of  only  one  note  at  a  time  and 
would  find  no  difficulty  in  using  an 
instrument  with  continuously  vari¬ 
able  frequency.  But  in  order  to  put 
all  the  harmonic  and  melodic  com¬ 
ponents  of  a  piece  of  music  into  the 
hands  of  a  single  performer,  as 
with  the  piano  and  organ,  it  may 
well  be  necessary  to  sacrifice  some 


DC  and  AC  WELOCRS  »  TKANSFOKMERS  •  MAGNETIC  CLAAAPS  •  SOLENOIDS  •  RIVET  HEATERS 
SPOT  WELDERS  •  FLUORESCENT  SALLASTS  •  SPECIAL  CONTROLS 
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W  INDUSTRIAL  ELECTRONIC  APPLICATIONS 


DESIGNING 


ENGINEERING 


United  Cinephone  Corporation  spent  its  pre-war  years  successfully 
solving  manufacturers'  problems  by  the  application  of  Electronic  De¬ 
vices  . . .  We  ore  now  meeting  the  demands  of  the  armed  services  and 
hove  extended  our  facilities  many  times. 


This  experience  coupled  with 
increased  facilities  will  continue 
to  function  in  pointing  the  way 
to  the  solution  of  major  manufac¬ 
turing  problems. 
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Model  No.  150 

Photo-Electric  Control  with  Light  Source 
Small . . .  Rugged . . .  Adaptable  . . .  Inexpensive 
Every  plant  has  many  uses  for  this  oU- 
piurpose  unit.  Priced  at  only  $25.00  complete. 


United  Cinephone  Corporation 
invites  inquiries  from  manufac¬ 
turers  wishing  to  know  "How"  and 
"Why"  Electronic  Applications 
con  increase  efficiency. 


HOW  IT  WORKS 

A  beam  of  light  strikes  the  photo-tube.  A  small 
current  then  flows  through  the  photo-tube  and  is 
amplified  in  the  amplifier  tube.  When  the  light 
beam  is  interrupted  the  magnetic  relay  closes 
the  control  circuit. 
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AVDRiSS  ALL  QUESTIONS  TO 
APPLICATION  ENGINEERING  DEPT. 


TORRINGTON,  CONNECTICUT 
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of  the  fine  structure  and  introduce 
simplifications  such  as  the  tempered 
scale. 

C.  Roland  Eddy 
PhU»d9tpkia.  p*. 

Dear  Mr.  Eddy : 

It  is  true  that  the  implications  of 
my  suggestion,  that  the  develqp* 
ment  of  the  electronic  organ  and 
piano  should  be  extended  to  free 
keyboard  musical  instruments  from 
the  necessity  of  playing  in  the  com¬ 
promise  tempered  scale,  are  con¬ 
siderably  more  extensive  than 
merely  the  electrical  and  mechani¬ 
cal  design  of  the  necessary  instru¬ 
ments.  It  has  been  said,  without  ex¬ 
aggeration,  I  think,  that  the 
mechanism  of  the  piano  keyboard 
has  been  made  the  basis  of  the  mod¬ 
em  system  of  music. 

This  is  an  unworthy  limitation 
on  music  and  one  from  Y'hich  the 
electronic  engineer  can  now  com¬ 
pletely  free  it ;  but  to  do  so  he  must 
have  the  fullest  latitude  to  do  away 
with  whatever  has  not  a  sound 
basis  in  music  or  science.  The  real 
triumph  of  the  engineer  will  come 
from  freeing  the  musical  art  from 
the  restrictions  the  imperfect  me¬ 
chanics  of  its  instruments  now  im¬ 
pose  on  it,  and  not  in  extending 
hose  restrictions,  or  retaining  them 
because  of  habit  or  some  other  in¬ 
adequate  reason.  These  remarks 
apply  not  only  to  the  details  of  the 
instrument  and  of  the  manipulation 
of  it  by  the  performer,  but  also  to 
the  way  in  which  we  regard  the 
music  to  be  played. 

I  have  not  primarily  based  my 
proposals  on  a  transposing  instru¬ 
ment.  Whether  the  instrument  is 
transposing  or  non-transposing  is 
in  no  way  essential  to  the  argu¬ 
ment,  and  it  seems  that  even  if  the 
transposing  instrument  has  greater 
convenience,  its  introduction  should 
be  delayed,  first,  to  permit  the  tran¬ 
scription  of  the  great  body  of  ex¬ 
isting  musical  literature,  and 
second,  to  remove  the  assumption 
which  might  easily  be  made,  that 
there  is  necessarily  any  correspond¬ 
ence  between  the  two  ideas  of  a 
just-scale  instrument  and  a  trans¬ 
posing  instrument. 

If  a  transposing  instrument  is 
designed,  then  care  should  be  given 
to  designing  the  keyboard  so  that 
without  changing  any  of  the  es¬ 
sential  dimensions  the  white  notes 
could  be  more  surely  played  in  rapid 
passages.  A  careful  study  of  this 


Mycolex  kos  mony  physkoi  and 
electrical  charocteristics  wkkh 
make  it  ovtstandingly  saperior  to 
any  otker  electrkal  insnlation  for 
many  pvrposes.  It  is  pafticniarly 
effective  at  ultra- kigk  frequencies. 

Mycalex  can  be  sawed,  drilled, 
tapped,  groand,  polisked,  tamed  or 
milled  and  dimensions  con  be  held 
to  very  close  tolerances.  It  is  an 
ideol  moteriol  wkere  only  a  few 
pieces  ore  reqnired  and  die  cost 
necessory  for  other  materiols  would 
not  be  justified. 

Mycalex  is  available  in  sheets, 
rods,  bars,  tubes  and  strips  wkkh 
con  be  fabricated  into  almost  ony 
shape  or  size  required. 

Mycalex  is  just  one  trade  name 
•  for  gloss-bonded  mica  insulotion 
olso  available  under  several  other 
trade  names.  Johnson  has  used  and 
is  prepared  to  furnish  any  such  mo¬ 
teriol. 

Johnson  as  o  fabricator  is  ap¬ 
proved  and  recommended  by  the 
monufocturers  of  this  material. 
Johnson  is  one  of  the  pioneer  fabri¬ 
cators  of  Mycalex,  probably  has 
more  complete  equipment,  and  cer- 
toinly  has  had  more  experience  then 
other  monufocturers. 

Johnson's  recommendotions  wilt 
be  unbiased.  Johnson  regularly 
uses  steatite,  porceloin,  bokelite, 
hard  rubber  and  all  mokes  of  gloss 
bonded  mica.  If  you  have  an  insu¬ 
lation  problem,  Johnson  Engineers 
will  be  glad  to  moke  recommenda¬ 
tions,  submit  samples  or  quote 
prices.  Write  Johnson  todoy  or 
contoct  the  Johnson  Representative 
in  your  territory. 


Stream-lined,  area-saving  com¬ 
pactness  —  without  sacrifice  of 
operating  efficiency  and  depend¬ 
ability-will  undoubtedly  be  a 
prime  factor  in  the  future  de¬ 
signing  trend. 

IN-RES-CO  type  LL  resistors  will 
meet  the  need  for  a  compoct 
unit  that  can  be  stacked  as  illus¬ 
trated  to  create  a  small  tapped 
multiplier  in  test  sets,  meters, 
decades,  bridges  and  similar 
exacting  specifications.  ’ 
Inductive,  with  standard  toler¬ 
ances  of  Vs%/  type  U  has  Vs 
wirtt  rating,  and  measures  only 
high  aiHl  Vs"  I"  diameter. 
A  typical  example  of  IN-RES-CO 
engineering,  in  which  immunity 
to  moisture,  heat,  vibration  and 
other  operating  hindrances  has 
been  designed-in  ert  the  blue¬ 
print  phase. 

Write  en  company  letterhead 
for  the  new  1t-page  catalog; 
there  is  ne  ebllgcrtien. 


25  AMITY  STREET 
LITTLE  FALLS,  N.  h 
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HERE’S  WHAT  BRIDGEPORT  MEANS  TO  YOUR  POSTWAR  PLANS 


HlOH  PRECISIONI  Here  you  have  hun¬ 
dreds  of  workers  skilled  in  makins  deli¬ 
cate  radionic  equipment  surpassins  the 
most  rigid  military  specifications.  This 
experience  will  be  invaluable  to  yon  and 
your  company  in  dears  to  come. 


CARLOAD  SHIPMENTS  of  highly  impor¬ 
tant  search  coils  and  variometers  for  the 
world’s  war  fronts  are  now  moving  regu¬ 
larly  from  Bridgeport  to  tidewater.  When 
you  want  a  big  job  done  well . . .  think  of 
Bridgeport  Manufacturing  Company! 


CENTRAL  LOCATIONtBridgeport.Illi- 
nois,  is  ahnoet  exactly  on  the  geographer’s 
star  indicating  the  population  center  of 
America.  Fast,  trunk  line  service  to  every 
part  of  America.  For  earliest  possible 
delivery,  get  in  touch  with  ns  NOW. 


BRIDGEPORT 


MANUFACTURING  COMPANY 

Bridgeport,  lllinoit 

R.  f.  Coils  •  R.  F.  Chokes  •  I.  F.  Transformers 
Transmitting  Coils  •  Transmitting  Chokes 
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Outstanding  features  of  P.&  B  Power 
Relays  guarantee  inaxirnurn  efficiencs'. 


1  Metal  par’s  are  heavily  plated  fi.r  re 

sistanre  tn  eorri'v.iirt, 

i  All  insulation  is  moulded  ^r  lamrnnted. 

'■  Coils  are  wound  on  insulating  bobbins, 

and  ate  carefully  imprennaterl  Coils  on 
llOV  AC.  .’^OV  AC  and  llOV  DC  are 

paper  section  wound  ■ 
t  Screw  terniinal-  for  all  ^onne.tions 
S.  bull  floating  contact  cairier'  o  positively 

locked  in  place  and  pernrf  heavy  con 
tact  pressure  w  ithi'Ut  <  hatter 


POTTER  &  BRUMFIELD 
POWER  re/dys 

An  absolutely  dependable  and  dur 
able  relay  for  power  circuits.  Motor 
starting  up.  to  1  HP,  heater  loads 
up  to  20  amperes  and  like  t>pe  of 
application'. 


Full  ran^e  of  Coil  voltages' — write  for 
catalog  giving  full  specifications  on 
Power  and  other  types  of  Relav’s. 


For  precision  measurements  and  viewing  wave  shapes  in  electronic 
research  and  production  testing.  A  nine-inch  cathode-ray  tube  with  a 
fiill  4  z  4-inch  picture  makes  this  instrument  especially  useful  where 
both  high  and  low  frequencies  of  small  magnitude  are  present. 

Other  units  in  the  new  General  Electric  line  of  electronic  measuring 
EQUIPMENT  include:  G-E  wave  meters,  capacitometers,  power  supplies, 
square  wave  generators,  signal  generators  and  various  other  instruments 
in  the  ultra-high  frequency  and  micro-wave  fields  for  measuring  elcc- 
tranic  circvuts  and  checking  component  parts. 
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i/mttronie  Mmasuring  Instrummntt 


[WiCI  MFC.  CO.,  INC!^^ 
10TH  STREET.  PRINCETON,  IND. 
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problem  would  certainly  lead  to  the 
desired  result.  The  same  comments 
apply  equally  to  the  pedal  clayier 
of  the  organ. 

I  have  perhaps  not  given  proper 
consideration  to  the  question  of  the 
key-changing  switch.  Rather  than 
operate  it  with  the  left  foot,  it 
might  be  better  to  add  an  octave  of 
switches  in_  front  uf  the  manual 
keyboard,  to  be  operated  by  one 
finger  of  the  right  hand.  Other  and 
possibly  better  schemes  will  occur 
to  the  ingenious. 

Lloyd’s  approach  to  the  question 
of  the  scale  frequencies  seems  to  me 
to  be  typical  of  the  reasoning  that 
is  generally  encountered  in  writing 
on  musical  theory,  and  so  far  as  it 
goes,  is  of  course  correct.  But  it 
does  not  go  nearly  far  enough  at  a 
time  when  we  are  searching  out 
how  science  can  best  assist  in  re¬ 
establishing  in  music  the  basic — 
and  ancient — tenets  of  harmony 
and  tonality,  after  more  than  a  cen¬ 
tury  of  neglect.  Nor,  I  think,  is  a 
further  complication  of  the  key¬ 
board  a  practical  solution.  There 
have  been  many  proposals  of  this 
sort,  since  the  time  of  Newton,  but 
that  advanced  by  you  is  less  im¬ 
practical  than  most.  Nevertheless, 
such  schemes  are  doomed  because 
they  increase  the  performer’s  task. 

The  answer  lies  rather  in  an  an¬ 
alysis  of  the  problem  which  you 
present.  The  problem  itself,  in  a 
somewhat  simplified  form,  may  be 
stated  thus:  The  theory  of  har¬ 
mony,  as  taught  in  the  schools,  says 
that  in  any  key,  a  triad  or  chord 
of  three  notes,  can  be  set  up  on 
each  of  the  notes  of  the  scale.  These 
triads  are  either  major  (ratio 
4:5:6)  or  minor  (ratio  10:12:15). 
This  theorem,  as  we  might  call  it, 
applies  to  both  the  major  scale  and 
the  minor  scale.  The  following 
tabulation  shows  the  triads  of  one 
major  key  and  one  minor  key: 
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The  difficulty  is  now  seen.  In  the 
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The  Season’s  Most  Popular  Wallflower 

pUEL  CONSERVATION  and  protection  of  health  are  two  big 
wartime  obligations  of  America.  Thermostat  housings  of  Plaskon 
Molded  Color  are  aiding  in  this  essential  job  in  thousands  of 
installations  all  over  the  nation. 

These  Plaskon  casings  are  smart  looking  .  .  .  attractive  .  .  .  and  admi¬ 
rably  serve  the  special  requirements  of  their  job.  Molded  Plaskon  is 
a  non-conductor  of  electricity,  even  under  conditions  of  high  humidity, 
assuring  protection  against  arcing,  flash-over,  and  high-voltage  currents. 

The  solid  "through  and  through”  colors  of  molded  Plaskon  are 
permanently  bright  and  beautiful.  The  surface  is  hard,  smooth,  easy 
to  keep  clean  .  .  .  the  material  can  not  discolor,  tarnish,  corrode  or 
rust.  Plaskon  Molded  Color  is  odorless,  inert,  and  resists  the  effects 
of  water,  oils  and  common  organic  solvents.  It  can  withstand  sharp 
blows,  and  will  not  dangerously  shatter  or  splinter. 

Plaskon  can  be  economically  molded  into  a  wide  variety  <Jf  product 
shapes  and  sizes,  serving  many  practical  applications  at  attractively 
low  costs.  Our  experienced  technical  men  will  give  you  valuable 
assistance  in  the  adaptation  of  Plaskon  materials  to  your  present 
needs  and  peacetime  planning. 

PUSKON  DIVISION,  LIMEY  •  OWENS*  FOMD  CLASS  CO.,  21M  Sylvan  Ava.,  ToMo  A,  Ohio 
Canadian  Agonf:  Canadian  Induttriot,  Ltd.,  Montrooi,  P.  Q. 
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major  scale,  two  of  the  chords  as¬ 
cribed  to  each  key  do  not,  in  fact, 
belong  to  it,  and  are  not  properly 
used  when  writing  in  that  key. 
They  are,  of  course,  replaced-by  two 
chords  at  present  ascribed  to  two 
other  keys.  In  the  minor  scale  it  is 
seen  that  three  chords  are  erron¬ 
eous,  and  must  be  replaced  with 
three  other  chords.  In  the  key 
shown,  A  Minor,  for  example,  three 
of  the  chords  ascribed  to  it  in  the 
classical  theory  of  harmony,  G 
seventh,  D  minor  and  E  seventh, 
properly  belong,  not  in  the  key  of 
A  minor,  but  in  the  key  of  E  minor, 
B  minor,  and  C*  minor  respectively. 

These  errors  are  not  as  appalling 
as  they  seem;  the  compromise  fre¬ 
quencies  of  the  tempered  scale  ob¬ 
scure  the  differences  between  the 
correct  and  the  incorrect  chords. 
We  have  now  a  proper  position;  in 
any  key  the  frequencies  of  the  notes 
of  the  scale  are  fixed.  That  this  is 
not  at  first  evident  is  due  to  con¬ 
fusion  in  existing  musical  theory. 

The  just  scale  must  not  be  con¬ 
sidered  an  ideal  scale;  it  is  simply 
the  best  scale  to  fit  our  existing 
tradition  of  music  played  in  the 
seven-note  diatonic  scale,  with  the 
conventions  we  have  evolved  re¬ 
garding  modulation  and  harmony. 
The  just  scale  does  not,  and  no 
scale  ever  did,  fit  the  classical 
theory  of  music.  Everything  I  have 
proposed  is  in  some  degree  a  com¬ 
promise  and  the  only  way  in  which 
conclusive  decisions  can  be  obtained 
as  to  whether  these  compromises 
are  the  correct  ones  is  by  a  statisti¬ 
cal  analysis  of  a  representative 
amount  of  existing  musical  com¬ 
positions. 

From  such  an  analysis  we  want 
to  know  what  modulation  sequences 
are  used,  and  how  commonly;  what 
are  the  chords  used,  and  in  what 
keys  should  they  sound,  so  that  the 
texture,  the  continuity  and  the  feel¬ 
ing  for  tonality,  are  best  preserved. 
From  these  data,  collected  from  the 
great  mass  of  important  and  com¬ 
monly-played  compositions,  prop¬ 
erly  evaluated,  the  best  possible  ar¬ 
rangement  of  the  just  scale,  thor¬ 
oughly  in  accord  with  our  tradition 
of  music,  could  be  evolved. 

It  is  not  arithmeticians  who  make 
musical  scales;  scales  are  made  by 
those  who  w’rite  and  play  music. 
Our  new  scale  must  make  musical 
literature,  as  it  now  exists,  possible 
and  pleasing;  and  if  our  changes 


★  ONAN  ELECTRIC  GENERATING  PLANTS 
supply  raliobU,  •conomical  •Isctric  sarricc 
lor  oloctronics  oppIicaUons  os  wall  at  for  tcorot 
of  gonoral  utot. 

Drivon  by  Onan-buUt,  4-cyclo  gatolino  onginos. 
Ihoto  power  unlit  aro  oi  tinglo-unii.  compact  do- 
tign  and  tiurdy  contiruciion.  SuUablo  lor  mobile, 
stationary  or  emergency  terrice. 

Mofl*l  tkown  Is  from 
IVJC  torlos,  2  O0d 
i-rw,  fO-cycIo,  m 
powfd  by  we- 
tor-<oolod,  2-cyllndur 


"Models  range  from  350  to 
35.000  watts.  A.C.  types  from 
115  to  660  Tolts;  50.  60.  180 
cycles,  single  or  three-phase; 
400.  500.  and  800  cycle,  single 
phase;  also  special  frequencies. 


D.C.  types  range  from  6  to 
4000  Tolts. 


Dual  Toltage  types  aTailoble. 

^  Write  for  engineering 

assistance  or  detailed 
literoture". 


D.  W.  OIVAIV  &  SONS 


3258  Royalston  Aee. 
Minneapolis  5.  Minn. 
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INVESTIGATE 


RADIO  SOCKET 


The  favorite  yesterday,  the  favorite  for  tomorrow 


•  aw  franklin  manufacturing  corporation 

Sockets  .  .  .  Terminal  Strips  .  ,  .  Plugs  .  .  .  Assemblies 

•  F  W  SICKLES  COMPANY 

Coils. ..I.  F.  Tronsformers... Antenna  Loops. ..Trimmer 
Condensers,  mico  and  air  dielectric  .  .  .  Tuning  Units 

•  ELECTRO  MOilVE  MANUFACTURING  COMPANY 
Molded  Mica  Capacitors. ..Mica  Trimmer  Capacitors 
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]  Hassali 


Automatic  Dipping 
Vacuum  Impregnating 
Pressure  Impregnating 


Send  for  this 

FREE 

CHART 


Decimal  Equivalents.  Accurate  to  four  places.  Sig¬ 
naled  in  three  colors  for  maximum  speed  in  locating 
decimal  equivalent  of  fraction.  Saves  time  and  avoids 
errors.  Yours  at  no  cost  or  obligation.  Just  send  us 
your  name,  dtle  and  address. 

See  omr  Catalog  m  Sweet’s  POefor  Product  Destgyters 

JOHN  HASSALL,  INC.  i! 

SpoeMtoto  tm  CaM-rergiag  Skw*  tSSO 

150  Clay  Street  •  Brooklyn  22,  N.  Y.  B 


Daily 

PICK. UP  AND  DELIVERY 
in  METROPOLITAN  AREA 
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666  VAN  HOUTEN  AVE. 
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are  to  be  justified,  must  add  new 
meaning  now  obscured  by  the  tem¬ 
pered  scale.  This  latter  motive 
might  be  better  phrased  by  saying 
that  it  must  allow  instrumental 
music  to  reproduce  physically  the 
plain  intention  of  the  written  work, 
written  by  composers  whose  concep¬ 
tion  of  musical  intervaltt  was  sub¬ 
jective,  and  who  were  not  influenced 
by  the  inexactnesses  of  the  instru¬ 
ments  on  which,  in  fact,  the  music 
was  performed. 

That  the  great  masters  were  not 
much  influenced  by  the  theory  of 
music  as  taught  ip  the  schools, 
there  seems  no  doubt.  It  appears  to 
the  writer,  from  a  limited  knowl¬ 
edge  of  present-day  teaching  of  the 
theory  of  music,  that  such  teaching 
is  largely  classiflcations  of  preju¬ 
dice  and  habit,  having  no  scientific 
basis,  and  what  in  fact  is  much  the 
same  thing,  no  basis  in  music  as  it 
is  played  and  written. 

I  have  examined  at  length  the 
points  raised  because  you  and  other 
correspondents  have  raised  them  as 
a  serious  bar  to  the  argument  I 
had  advanced ;  that  all  keyboard  in¬ 
struments  should  now  be  generally 
discarded  in  favor  of  just  scale 
electronic  instruments.  Such  objec¬ 
tions,  arising  out  of  the  musician’s 
regard  for  his  art,  must  be  ade¬ 
quately  satisfied  if  electronic  music 
is  to  seize  its  opportunities. 

S.  T.  Fisher 

Toronto,  Ontario 
Canada 


ALLOY  "A":  Nick«l>chromium  alloy,  ra- 
tish  oiidation  at  axtrama  tamparaturas. 
Euantial  for  oparating  tamparaturas  up 
to  2100*  F.  Alto  utad  for  cold  rasistanca. 
Rasitft  chaiiii^al  borrotion  by  many  madia. 
Non-magnatic;  tpacific  rasistanca,  650 
ohmt/C.M.F. 

C.  O.  JELLIFF  MFG.  CORP. 

123  PtQUOT  AVI.  •  SOUTHPOtT,  CONN. 


ALLOY  "C":  Nominally  contains  60% 
nickal,  15%  chromium,  and  balanca  iron. 
High  rasistanca  to  oxidation  and  corro¬ 
sion.  Widaly  utad  in  rasistancas  for  radio 
and  alactronics,  industrial,  and  domas- 
tic  aquipmant.  Oparating  tamparatura 
up  to  1700*  F.  Spacific  rasistanca  675 
ohms/C.M.F. 

C.  O.  JELLIFF  MFG.  CORP. 

123  PIPUOT  AVI.  •  SOUTHPORT,  CONN. 


TUtES  RESISTORS 

RELAYS  CAPACITORS 
METERS  TRANSFORMERS 

TEST  EQUIPMENT 


ALLOY  "D":  Nominally  contains  30y« 
nickal,  15%  chromium,  and  balanca  iron, 
and  has  a  tpacific  rasistanca  of  600 
ohmt/C.M.F.  Monal  and  pura  nickal  ra- 
sistanca  wira  also  obtainable. 

C.  O.  JELLIFF  MFG.  CORP. 

123  PE9UOT  AVI.  •  SOUTHPORT,  CONN. 


W*  stock  and  sail  itams  baar- 
iag  tha  aamas  of  famous  maa* 
afacturars  .  .  .  paopla  who 
valaa  tliair  rapatotioa  as  mack 
as  wa  valaa  oars. 


Wa  track  dewa  hard«te-fiad 
itams,  or  suggast  aqaivolaat 
sabstitatioas.  Wa  supply  soaad 
tackaical  odvica  . . .  kalp  selva 
priority  problams. 


Meteors  and  F-M  Bursts 
Dear  Sirs: 

The  strange  behavior  of  f-m  sig¬ 
nals  recorded  in  the  July  1944  issue 
of  Electronics  on  page  256  sug¬ 
gests  immediately  to  an  astronomer 
the  possibility  that  these  bursts  are 
caused  by  the  action  of  meteors. 
The  following  phenomena  would 
suggest  this: 

(1)  Duration  of  perhaps  i  to  1 
second. 

(2)  Frequency  of  occurrence  up  to 
several  hundred  bursts  per 
hour  during  maxima.  (Maxima 
should  be  associated  with 
meteor  showers.) 

(3)  Daily  variation  of  frequency 
with  maximum  near  sunrise, 
and  minimum  near  sunset. 
(Meteor  frequencies  show  the 
same  daily  variation  of  fre¬ 
quency  because  near  the  time 


ALLOY  ”45":  Alloy  of  55%  coppar,  45*/, 
nickal  with  a  constant  alactrical  rasistanca 
ovar  wida  ranga  of  tamparaturas.  Spacific 
rasistanca  294  ohms/C.M.F.;  tamparatura 
coafficiant  0.00002  ohms  par  dagrae  F; 
32  to  212  dagraas  ranga.  Usad  in  wind¬ 
ing  of  pracision  rasistors. 

C.  O.  JELLIFF  MFG.  CORP. 

123  PI9UOT  AVI.  •  SOUTHPORT,  CONN. 


Past  .  .  .  wHhia  24  fcoHrt,  at 
times.  And  wkatkar  yoa  order 
by  mail,  wire  or  pkoee,  you'll 
receive  immediate  atteetioe. 
Try  HARVEY  aed  see  for  your- 
seif. 


KANTHAL:  Exclusive  manufacturers  of 
KANTHAL  wira;  although  unavailabla 
for  duration,  wa  wilt  be  pleased  to  supply 
information  for  your  post-war  require¬ 
ments. 

C.  O.  JELLIFF  MFG.  CORP. 

123  PE9UOT  AVI.  •  SOUTHPORT,  CONN. 
Nofa;  All  olloyt  art  produced  In 
money  typo  furnacot,  and  ore  fumwed 
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onamol,  tllk,  or  cotton  Imulatlon. 
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PLASTICS 

By  Sillcocks-Milkr 


FREE  BOOKLET 
PRESENTS  4 -POINT 
SERVICE  TO  HELP 
DESIGN  ENGINEERS 

How  the  facilities  and  experi¬ 
ence  of  Sillcocks-Miller  spe¬ 
cialists  con  help  you  solve 
your  problems  in  precision- 
fabricated  plastics  is  told  in  a 
new  illustrated  booklet  now 
available. 

Designers  and  manufacturers 
in  need  of  plastic  ports  and 
products  made  to  extremely 
close  tolerances  will  find  the 
Sillcocks-Miller  Company  a 
most  dependable  sorirce  for 
design  and  development  serv¬ 
ice  and  for  highest  quality 
production. 

Whether  you  are  now  using 
plastics  or  want  to  learn  why 
it  will  pay  you  to  convert  to 
plastics,  you  should  have  a 
copy  of  this  helpful  booklet. 
Write  for  it  today  —  without 
obligation. 


SILLCOCKS-MILLER  CO. 
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KNURLEDCUPPOINT 
HOLLOW  SET  SCREW 

It  won't  work  Zoom,  in  ipita.ot  tha  savarast 
,  vibration.  Tigktanad  in  tha  usual  way,  it  stays 
put,  bacausa  tha  knurls  of  tha  point  dig  in  and 
maka  it  a  Salf-Lockar.  Yat  it  can  easily  ba  ra- 
movad  with  a  wrench  and  usad  again  and  again. 

In  the  field  of  electronics,  there  are  many  pos¬ 
sible  applications  for  this  unique  screw.  For  fur¬ 
ther  information  about  its  valuable  features,  sand 
for  tha  "Unbrako"  Catalog. 

Whbra  tha  "Unbrako"  Knurled  Cup  Point  is  un¬ 
suitable  use  tha  "Unbrako"  Knurled  Thread  Screw, 
which  is  also  a  salf-lockar  regardless  of  the  style 
of  point. 

OVER  40  YCAKS  IN  BUSINESS 


STANDARD  PRESSED  STEEL 


iSMKINTOWN.  RA.,  90X  9^  mrmm€hm:  •09T0M-9mi0IT-IM»IANAMLtS-CHieA«0-9T.  LOUI9-9AN  rSAMCIMO 


THE  CATHODE-RAY  TUBE 
AT  WORK  by  John  F.  Rider 


JOHN  F.  RIDER  Publisher,  Inc. 


f  ..  t 

fi  rbg  Irtt  Cctt>. 
13  t  40-n 


I 


HUBBARD 


DEPENDABLE 

SERVICE 

• 

LONGER  LIFE 


Drake  No.  50N  NEON  Jewel  Min.  Bayonet  Assembly  is 
ideal  Where  a  distina  signal  is  required  and  observer 
is  directly  in  front  of  instrument  panel.  Its  smooth 
clear  jewel  magnifies  and  intensifies  the  illumination  from 
the  iVeon  lamp.  Red  glass  jeswl  can  also  he  supplied. 
The  No.  5  IN  (without  jewel)  is  applicable  where  180* 
visibility  is  desirable.  Eloth  units  ^ve  built-im  resistors 
for  NE51  Neon  Lamps  operating  on  standard  105  to  125 
volt  circuits.  These  rugged  units  offer  BIG  savings  in 
power  (1/25  watt),  long  life  (3000  hours),  wide*  voltage 
range,  and  great  reliahility. 


SOCKET  AND  JEWEL  LIGHT  ASSEMBLIES 


DRAKE  MANUFACTURING 


CHICAGO 


NOW  YOU  CAN  DO  YOUR  OWN 

BRANDING  on  PLASTICS! 


WE  SHOW  YOU  HOW 

WE  ENGINEER  THE  JOB 

WE  BUILD  THE  TOOLS 


it  Roman's  axclusive  plastic  branding  procass 
has  bean  employed  extensively  to  speed  pro¬ 
duction  oi  many  important  war  plastics.  The 
bokalite  Asimuth  Dial  illustrated,  is  one  example 
of  Rogon's  accuracy  in  branding.  In  fact,  this  important  assignment  was 
entrusted  only  to  Rogon. 

However,  wartime  demands  for  this  service  in  soma  ordnance  plants, 
have  required  the  application  on  their  own  premises.  So,  Rogom  engi¬ 
neers  hove  arranged  a  method  whereby  anyone  con  do  his  own 
branding  on  plastics  right  in  his  own  plant.  Rogon  will  engineer  each 
lob  complately  and  build  all  the  necessary  tools.  Will  provide  cleca. 
simple  instructions  that  will  permit  anyone  to  do  the  lob  expertly.  All 
you  need  do  is  to  send  us  blue  prints  and  other  specdfic  data,  and 
we'll  give  you  o  quick  cost  and  time  estimate. 

Take  advantage  of  this  new  Rogon  service  .  .  .  send  us  your 
specifications  today. 


2803  S.  MICHIGAN  AVE. 


CHICAGO  14.  ILLINOIS 


NO.  51N 


NO.  SON 


NEWEST  DRAKE 


LIGHT  ASSEMBLIES 


of  sunrise  the  linear  speed  of 
the  earth  in  its  orbit  around 
the  sun  and  the  rotation  of  the 
earth  on  its  axis  combine  to 
cause  the  sunrise  portion  of 
the  earth  to  cut  more  meteor 
paths  per  unit  of  time.) 

(4)  The  existence  of  bursts  of  all 
magnitildas. 

All  the  above  observed  phenomena 
of  the  f-m  bursts  are  consistent 
with  the  observed  phenomena  of 
meteors.  The  behavior  of  meteors 
in  producing  such  a  radio  effect  is 
not,  I  suppose,  too  difficult  to  visual¬ 
ize.  It  is  conceivable  that  these 
meteors,  in  their  sudden  flare-up  in 
the  upper  atmosphere,  could  pro¬ 
duce  sufficient  ionization  to  form 
some  sort  of  temporary  reflection 
layer. 

It  seems  that  comparison  of  times 
of  greatest  frequency  of  bursts 
with  the  times  of  the  known 
meteoric  showers  would  provide  a 
fairly  conclusive  test  of  whether 
these  cosmic  missiles  are  to  blame. 
If  they  are  found  so  to  be,  then 
considerable  is  known  concerning 
their  frequency,  energy,  velocity, 
height,  and  size,  and  these  known 
facts  could  undoubtedly  contribute 
to  a  study  of  the  f-m  effect. 

The  times  of  meteoric  showers 
are  well  known.  The  most  promi¬ 
nent  showers  occur  on  April  20, 
May  6,  June  28,  August  11,  Novem¬ 
ber  14  and  November  24. 

The  frequency  of  meteors  is  likely 
to  be  abnormally  high  for  several 
days  either  side  of  the  listed  dates, 
which  are  usually  the  maxima.  The 
shower  intensities  vary  from  year 
to  year,. but  almost  always  there  is 
significantly  increased  meteor  fre¬ 
quency  on  the  shower  dates. 


Waltik  Obx  Roberts 

Harvard  Oalte§e  Ohaervatory 
Fremont  Pott  Station 
CUmmm,  Colo. 


Surplus  Solution 


Dear  Sirs: 

I  HAVE  FOLLOWED  with  interest  the 
editorials  covering  disposition  of 
surplus  electronic  equipment  and 
the  postwar  problems  in  connec¬ 
tion  with  that  subject  .... 

I  believe  it  would  be  a  big  lift 
to  those  of  us  who  will  leave  the 
service,  to  enjoy  the  advantage  of 
mrchasing  at  a  reasonable  cost  such 
items  as  the  War  Dept,  will  have  as 
surplus.  That  will  enable  the  serv¬ 
ice  men  to  become  established  in 
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ELECTROLYTIC  CAPACITORS 

Gomplecion  pf  the  new  Glenn-Roberts  manufacturing  plant, 
including  a  greatly  augmented  production  capacity  for  the 
Electronics  Divisiony  has  resulted  in  unusually  satisfactory  de¬ 
livery  schedules  on  electrolytic  capacitors  in  all  usual  ranges 
of  voltage  and  sizes  of  capacity,  for  radio  and  communica¬ 
tions  use.  Write,  wire  or  phone  for  complete  information. 


GLENN-ROBERTS  COMPANY 

3100  lAST  TINTH  STRifT#  OAKLAND  1,  CALIFORNIA 


Jlmerican 
Beautu 


ELECTRIC 

SOLDERING 

IRONS 

ore  sturdily  built  for 
the  turd  usage  of  in- 
dustriol  service.  Hove 
plug  type  tips  and  are 
constructed  on  the  unit 
system  with  each  vital 
part,  such  as  heoting 
element,  easily  remov¬ 
able  and  replaceable. 
In  5  sizes,  from  50 
watts  to  550  watts. 


winding 

niWHONt  „„ication 

^^KMeAssen;^ 


TEMPERATURE 

REGULATING 

STAND 

This  b  o  th«rmottoticolly  con- 
trollad  dcvic*  for  tho  rog- 
ulation  of  iff  temporoturo 
of  on  electric  soldering  iron. 
When  placed  on  and  con¬ 
nected  to  thb  stand,  iron 
may  be  maintained  at  work¬ 
ing  temperature  or  through 
odjustment  on  bottom  of 
stand  at  low  or  worm 
temperatures. 


PRESTO  ELECTRIC  COMPANY 

|^onu»otturers  of  Signalling  Devices  UNION  CITY,  N.  J 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 

DETROIT  2,  MICH.,  U.  S.  A. 
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35-18  37th  STREET 


LONG  ISLAND  CITY  I  >  N.  Y 
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(OKPOKATiQN  0-  AMfRKA 

INSUL1NE  BUILDING  •  LONG  ISLAND  CITY.  N.Y 


What  an  your  nquinmenta  ?  Sund 
i  data  for  immediate  asaiMtance. 


AW 

IKTi 

[SEARED  COLLARS 


978  KINT  AVI.  MOOKLTN  NIW  YORK 


PORTABLE  AMMETERS  &  VOLTMETERS 


RESISTOR  PROBLEMS 


Hwa  car*  12  pages  of  valuable  Resistor  iniormotion. 
A  wide  selection  of  Lectrohm  Vitreous  Enameled 
Resistors,  including:  fixed,  adjustable,  "Rib-on-edge" 
and  ferrule  terminal  types — ^power  line  and  R.  F. 
chokes  brackets,  bushing,  solder  pots,  etc.,  are 
illustrated  and  fully  described.  It  also  tells  you  why 
Lectrohm  Resistors  offer  above  overage  dependable 
service  life.  Ask  for  your  copy  of  catalog  .No.  96. 


incorporate  o 

S127  West  2ftfc  Street.  Ckere.  IWeels 


CREATIVE’S  CUSTOM  SERVICE 


PROTECT  your  WIRES 
with  CREATIVE 
insulating  GROMMETS 


LET  THIS 


CATALOG 


All  the  finest  engineering  on  ra¬ 
dio,  electronic  and  electrical  in- 
stniments  can  go  to  waste  if  you 
fail  to  protect  your  wires  properly. 


If  you  are  not  already  using 
CREATIVE  INSULATING 
GROMMET  BUSHINGS  in 
your  chassis,  by  all  means  let  us 
furnish  you  with  samples.  When 
you  see  the  superb  protection  these 
100%  phenolic  bushings  give  to 
your  wires,  and  when  you  dis¬ 
cover  that  they  don’t  “pop  out’* 
when  you  pack  your  wires  through 
them  snugly,  the  chances  are  you 
will  want  to  specify  Creative. 


Sand  for  samples  and  literature. 


NORTON  (N)  INSTRUMEKTS 


I.D.  SIZES /8*T0 
^HaCLEARANCE 
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Reliable,  stard7,  portable  Ammetefa  and  Voitniefers  for  testing  purpose. 
These  iostruoients  are  built  to  maintain  accuracy  under  hard  usage  in  avia- 
tioo,  electronic,  marine,  industrial  scrrice,  and  electrical  repair  work. 

Hand  calibrated,  band  drawn  dials  assure  accuracy  at  everv  part^  of  the 
scale.  Supplied  with  knife-edge  pointer  and  mirror  reflector  for  quick,  ac¬ 
curate  rea^g. 

Send  For  Latest  Catalog. 


NORTON  Electrical  Instrunient  Co. 

59  HILLIARD  ST.,  MANCHESTER,  CONNECTICUT 


You  don’t  have  to  build  molds  to  get  Plastic 
Parts  with  Inserta  such  as  knobs,  terminals, 
etc.  Get  the  facts  about  this  custom 

service  . . .  Call  on  CREATIVE. 


PLASTICS  CORP 


PtOMPT  DILIVIRY 


CONNECTICUT] 


C  F  N  T  t  R  BROOK 
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Utt  aric*  yt.lF  wMi  frM  rack. 


TIm  O-C  Kadi*  Chcaiical  Laboratory  con> 
laiac  a  comploto  prafoccionol  actortmont 
aff  oftoa  Bocdod  coMoats,  solvoata,  coU 
dopoCf  inswlatinf  vornisltos«  IwbricoaM, 
coatact  cloaaorc,  otc.  Tho  botHo  you  waat 
it  always  iastaaMy  avadoblo  from  its 
^laco  ia  tbo  poraiaaoat  iadoxod  rack. 
Rack  caa  bo  alacod  oa  boack  or  wall. 
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AUTO  ENGRAVER 

Accurate  Engraving 
with  Unskilled  Operators 

Unskillod  oporotors  will  profil#  or  occuratrly 
roproduco  in  smooth  linos  ony  design,  nutn- 
bor,  lottor,  omUom,  signoturo;  on  iron,  bran, 
copper,  aluminum,  soft  stools  end  oil  plastics. 
Hero  are  soma  of  its  other  uses  .  .  . 

•  Drills  a  series  of  holes,  or  profiles  small 
parts. 

•  Cuts  an  even  channel  for  wiring  on  panels. 
Increases  accuracy  and  production. 

•  Works  from  original  drawing  or  templates. 

•  Etches  glass  and  similar  itoms. 

•  Will  not  cause  distortion. 

For  complete  information  on  this  and  other 
models  and  prices  write  Dept.  K. 


T 


Typv  tn 


FUNCTION 


Designed  for  use  on  alternating  current  circuits  to 
autoaMtically  and  cumulatively  register  the  total 
operating  time  or  idle  time  on  eny  circuit,  mechine 
or  system  to  which  they  are  connected. 


To  record  operating  time  of  vacuum  tubes  so  replace¬ 
ments  can  be  made  prior  to  failure  occurring.  To 
indicate  totel  number  of  hours  of  pump  or  machining 
operation.  For  testing  work  in  laboratories. 


scNO  ton  tuueriN  3soo 


•  Brushes  in  Bottle  Caps 


USE  IT  fOR  EXPERIMENTAL 


WORK^ORDER  IN  BULK 


FOR  PRODUCTION  LINES! 


0*C  Cements  and  Chemicals  ore  used  on 
ell  types  of  radio  and  electronic  equip¬ 
ment  by  leading  manufacturers,  labora¬ 
tories  and  branches  of  the  Army  and 
Navy.  They  are  available  for  immolate 
shipment  in  gallon,  5  gallon  and  drum 
tots.  Let  us  quote  on  your  roquiroments. 
WRni  FOR  FREE  CATALOG. 


GENERAL  CEMENT  MFG.  CO. 


921  TAYLOR  AVE.,  ROCKFORD,  ILL 


•  Indexed  Metal  Rack 


ELECTRONIC  ENGINEERS  NEED 
THIS  HANDY  CHEMICAL  LABORATORY 


AUTO  ENGRAVER  CO. 

1776  BROADWAY,  NEW  YORK  19 
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Put  your  hand 
here! 

PARAGON 

MO.  u.  s.PAT.orr. 

DRAFTING 
MACHIN  E 


_ > 


t2S>J 


Handling  is  believing.  Get  the  finger  tips  of  your  left  hand  on 
the  control  ring  of  a  PARAGON  Drafting  Machine.  The 
lightest  pressure  is  all  you  need  to  set  the  scales  at  the  angle  you 
want,  anywhere  on  the  drawing  board.  Your  right  hand  is  always 
free.  For  the  full  story  of  PARAGON  features,  convenience  and 
handsome  modern  appearance,  write  on  your  letterhead  to  Keuffel 
&  Esser  Co.,  Hoboken,  N.  J.  •  ' 

KEUFFEL  &  ESSER  CO^ 


R 


Drafting,  Reproduction,  Surveying 
Equipment  and  Materials. 

Slide  Rules.,  Measuring  Tapes. 
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Westinghouse  Tube 


Westinghouse  announces  the  production  of  a 
new  electronic  tube— a  Pliotron  no  larger 
than  a  man’s  hand  but  delivers  two  and  one- 
half  kilowatts  of  plate  power.  It  is  low  in  cost 
but  high  in  quality,  and  is  designed  for  appli- 
eations  in  dielectrie  and  induction  heating, 
and  in  AM  and  FM  radio  transmission. 


the  small  size  and  large  output  of  this  tube 
the  answers  to  many  of  their  problems.  In 
addition,  it  has  the  same  rugged  depend¬ 
ability  that  characterizes  all  Westinghouse 
Electronic  Tubes. 


The  outstanding  features  of  the  WL-473 — 
which  are  exclusively  Westinghouse — will 
appeal  to  you.  Ask  your  nearest  Westinghouse 
Electronic  Tube  Distributor  or  write  to  the 
Westinghouse  Electric  and  Manufacturing 
Co.,  l>amp  Division,  Bloomfield,  N.  J.  for 
complete  information. 


It  is  small  and  compact  even  though  air 
cooled,  and  designed  to  deliver  full  plate  out¬ 
put  at  fcequencies  up  to  and  including  the 
present  FM  band. 

Designers  of  electronic  devices  will  find  in 


WESTINGHOUSE  PRESENTS  John  Cbarle*  Thomas 


SunJar  2:)o  EWT.,  N.B.C.  ★  Ted  Malone  •  Mondar,  Wednesday.  Ftiday-10:l5  EWT-Blue  Network. 
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TOBE  &  AMERICAN  WAR 
STANDARDS  DESIGNATIONS 


SPECIFICATIONS^DP” MOLDED  PAPER  CAPACITORS 

CAPACITANCE . 001  to  .04  MFD 

WORKING  VOLTAGE . See  chart  at  right 

Flash  test  3  times  rated  DC  working  voltage 
SHUNT  RESISTANCE  . .  .At  185°F—  1000  megohms  or  greater 
At  72* F— 50000  megohms  or  greater 
WORKING  TEMPERATURE  RANGE  . .  .  .Minus  50"  F  to  plus  185“  F 

OPERATING  FREQUENCY  RANGE . Upper  limit  40  megacycles 

Q  at  one  megacycle— average  20 

POWER  FACTOR . At  1000  cycles  .004  to  .006 

DIMENSIONS . 13/I6''  x  13/16"  x  19/64" 


Q2_ 
CN35A152 
CN35A202 
CN35A252 
CN35A302 
CN35A402 
CN35A502 
CN35A602 
CN35A702 
CN35A802 
CN35A103 
CN35A203 
CN35A303 
CN35A403 


CN35B152 
CN35B202 
CN35B252 
CN35B302  : 
CN35B402~j 
CN35B502  j 
CN35B602  | 
CN35B702  I 
CN35B802 
CN35B103  1 
CN35B203  I 
_CN35B303  J 
CN35B403  I 


A  BIG  PART  IN  INDUSTRY  TOMORROW 
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Thi  reputation  of  Tobe 
Capacitors  for  long  I 

on  a  record  of 
returns”.  Raungs  are  always 

conservadve.  Comunt 

manufacturing  skill  born 
of  long,  specialized  expenence 

fr4ue^rrigidmspectiom- 

these  are  the  “secrett  of  Tobe  s 
ability  to  master  difficult  speci¬ 
fications,  like  those  of  the  new 
American  War  Standards.  Ihe 
Molded  Paper  Capacitor 

shown  below  is  an  “ 

is  made  of  high  grade  Kraft 
tissue  paper  and  aluminurn  foil 
“mineral  oil  impregnated  and 
molded  in  low-loss  Bakelite. 
Leads  are  tin  copper  wire. 
Whatever  your  capacitor  pro  - 
lems,  Tobe  engineers  will 
eladly  work  with  you. 
Inquiries  and  requests 
for  samples  will  receive 
prompt  attention. 


» '  f'v  •  -  -  ■ '  .  z  ; 


Norummu 's  T»u>tr  in  Ntu  porl,  R.  /. 
Ont  »/  Amtricas  tides!  slrmlsins. 
said  it  ha  rt  hten  basil  by  the  Viksstia 
abtal  1040  A.  D. 
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An  Important  Statement 

By  Mycalex  Corporation  of  America 

Issued  in  an  Effort  to  Clear  up  and  to 
Avoid  Continued  Confusion  in  the  Trade 

IT  has  come  to  our  attention  that  in  some  quarters  electronic  engineers 
and  purchasing  executives  are  under  the  erroneous  impression  that  the 
MYCALEX  CORPORATION  OF  AMERICA  is  conneaed  or  affiliated 
with  others  manufacturing  glass-bonded  mica  insulation,  and  that  genu¬ 
ine  "MYCALEX”  and  produas  bearing  similar  names  are  all  "the  same 
thing”  .  .  .  are  "put  out  by  the  same  people”  .  .  .  and  "come  from 
the  same  plant.** 

THESE  ARE  THE  FACTS: 


The  MYCALEX  CORPORATION  OF 
AMERICA  is  not  conneaed  or  afiiliated 
with  any  other  firm  or  corporation  man¬ 
ufacturing  glass-bonded  mica  insulating 
materials. 

The  word  "MYCALEX”  is  a  registered 
trade-mark  owned  by  MYCALEX  COR¬ 
PORATION  OF  AMERICA,  and  identi¬ 
fies  glass-bonded  mica  insulating  mate¬ 
rials  manufactured  by  MYCALEX  COR¬ 
PORATION  OF  AMERICA. 

The  General  Electric  Company,  by  vir¬ 
tue  of  a  non-exclusive  license  it  had  • 
under  a  MYCALEX  patent  through  the 
MYCALEX  (PARENT)  COMPANY 
LTD.,  was  permitted  to  use  the  trade¬ 
mark  "MYCALEX”  on  its  glass-bonded 
mica  insulating  materials. 

The  MYCALEX  CORPORATION  OF 
AMERICA  has  behind  it  over  20  years 
of  researdi  leadership,  dating  back  to 
work  done  by  the  original  MYCALEX 
(PARENT)  COMPANY,  LTD.  of  Great 
Britain,  from  which  it  obtained  its  Amer¬ 
ican  patents.  MYCALEX  CORPORA¬ 


TION  OF  AMERICA  owns  U.  S.  patents 
and  patent  applications  on  improved 
glass-bonded  mica  insulation  marketed 
under  the  trade-mark  "MYCALEX”. 

3  The  products  of  MYCALEX  CORPOR¬ 
ATION  OF  AMERICA  ore:  (a)  "MY¬ 
CALEX  400" — the  most  highly  per¬ 
fected  form  of  MYCALEX  insulation, 
approved  by  the  Army  and  Navy  as 
Grade  L.4  insulation.  MYCALEX  400 
is  sold  in  sheets,  rods  and  fabricated 
form,  (b)  "MYCALEX  K"— on  ad¬ 
vanced  capacitor  dielectric  with  a 
dielectric  constant  of  10  to  15,  which 
con  be  fabricated  to  specifications.. 
(c)  MOLDED  MYCALEX  available  to 
specifications  in  irregular  shapes  and 
into  which  metal  inserts  may  be  in¬ 
corporated. 

6  "MYCALEX”  in  the  forms  described 
above  is  made  by  exclusive  formulae  and 
exclusive  patented  processes.  It  is  utterly 
imoossible  for  any  one  other  than  the 
MYCALEX  CORPORATION  OF 
AMERICA  to  offer  any  product,  simi¬ 
lar  in  appearance,  as  "the  very  same 
thing”. 


MYCALEX  CORPORATION  of  AMERICA 

''Owners  of  'MYCALEX'  Patents'' 

Executive  OfRces:  30  ROCKEFELLER  PLAZA,  NEW  YORK  20.  N  Y. 

Plant  and  General  OfRces;  Clifton,  N.  J. 
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DOES  THIS  HARVEY  "AMPLI-STRIP" 


It  does  if  you  need  thoroughly  dependable 
I-F  and  AUDIO  Amplification.  The  HARVEY 
"AMPLI-STRIP”  was  designed  and  developed  to 
provide  a  compact,  convenient  and  practical 
Audio  and  I-F  Amplifier.  Custom-made  to  meet , 
your  electrical  characteristics.  This  tested  and 
proved  "AMPLI-STRIP”  will  meet  your  most  ex* 
acting  performance  standards. 

The  "AMPLI-STRIP”  provides  an  excel-  a 


able  lent  example  of  how  the  knowledge  and  cxpe- 

VEY  rience  gained  by  HARVEY  through  years  of  spe- 

d  to  cialization  in  the  radio-electronic  field  results  in 

deal  practical,  efficient,  reliable  apparatus, 
neet ,  Why  not  let  HARVEY  of  (Cambridge  help  you 
and  to  bring  to  a  successful  solution  any  of  the 
t  ex*  present  or  projected  radio-electronic  problems 
that  may  be  troubling  you?  Just  get 
m  1^  ^  touch  with 


HARVEY  RADIO  LABORATORIES,  INC. 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASS. 


HARVEY 
UHX-25 

A  25-Walf 
General  Purpose 
Radio  Telephone 
Transmitter 

Available  for  operation  between  1.5  M.C.  and  30  M.C. 


New  HARVEY 

206  PA  REGULATED 
POWER  SUPPLY 


for  Laboratory 
D.  C.  Source  — 
RANGE  500 
to  1000  VOLTS 

SOO  to  700  at  ainporo 
700  to  1000  at  .2  amporo 
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Thk  glasA  ignitron  facilitated  the  application  of 
electronic  tubes  to  high-speed  resistance  welding 
and  to  the  conversion  of  a-c  to  d-c  without  the  use 
of  rotating  equipment.  But  it  was  General  Elec¬ 
tric’s  development  of  the  sealed,  water-cooled 
stainless-steel  envelope  or  jacket  that  gave  the 
ignitron  the  sturdiness  that  made  it  practical  for 
industry’s  use. 

Steel,  instead  of  glass,  not  only  gave  the  ignitron 
the  ruggedness  to  avoid  mishaps  from  external 
sources,  but,  more  important,  permitted  water 
cooling  which  enabled  tubes  to  be  built  that  handle 
ten  times  the  power  for  a  given  size  of  tube. 

The  present  G-E  steel-clad  ignitron  has  the  newly 
developed  G-E  low-current  ignitor  points  that  fire 
accurately  and  uniformly;  that  possess  longer  life 
and  require  less  power.  The  G-£  steel  ignitron  also 
incorporates  a  new  type  of  anode  seal  with  increased 
resistance  to  electrolysis. 


As  a  result  of  these  G-E  developments,  G-E  steel 
ignitrons  offer  an  exceptionally  long  life  and  de¬ 
pendable  performance.  Tbeir  operating  costs  are 
lower  compared  to  motor-generator  equipment,  be¬ 
cause  of  higher  efficiency  over  the  entire  load  range. 
This  efficiency  provides  appreciable  power  savings. 

Descriptive  literature  available.  G-E  electronic 
tube  engineers  will  be  glad  to  discuss  the  selection 
of  G-E  steel  ignitrons  for  your  products  or  man¬ 
ufacturing  processes.  Write  for  Bulletin  ETl-12,  a 
convenient  listing  of  all  G-E  electronic  tubes  for 
industrial  application.  Address  Electronics  De¬ 
partment,  General  Electric,  Schenectady,  N.Y. 

OTHER  G-E  TUBES  ARE  FIRST  IN  INDUSTRY.  TOO!  For  example. 
General  Electric  developed  the  thyratrun  tube,  which  usu¬ 
ally  teams  up  with  the  ignitron  where  precision  control  is 
needed— as  in  ‘^timing  the  shots”  in  high-speed  spot  welding. 
The  C-E  thyratron  is  also  used  to  maintain  constant  speed  in 
power  tools  regardless  of  variations  in  load. 

Tum  In  “He  World  Today”  ovorr  era.  exempt  Sun.  at  6;45  E.IT.T., 
CBS.  Sunday  littmn  to  C-E  “All  Girl  Orrheatra.”  lO  P.M.  E.W.T,,  SBC. 


c-.  E.  HAS  MADE  MOKE  BASIC  ELECTRONIC-TUBE 

LcVelopments  than  any  other  manufacturer 


GENERAL0ELECTRIC 
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EmcNv*  tignal-cevcrag*  camporiseii  of  on  FM  station  and  o  1400-kc  AM  ttaNon. 

Moot  AM  stations  could  enjoy  better  coverage  tw  switching  to  FM.  More¬ 
over,  their  FM  signals  would  neither  cause  intemrence  with  other  stations 


over,  their  FM  signals  would  neither  cause  interfere 
nor  be  affected  by  interference  from  other  stations. 


Station  interference  pettom  produced  by  AM  stations 
the  1400-kc  channel.  Dots  indicate  location  of  stMii 
Large  circlee  indicate  possible  400-mile  interference  r;; 
At  night,  are^  in  which  the  circles  overly  usually 
subject  to  serious  heterodyne  interference.  Inis  patters 
typical  of  many  crowded  regional  and  local  channels. 


PLAN  YOUR  FM  STATION  NOW— 50  FM  BROAI 
CAST  STATIONS  ARE  ON  THE  AIR  AND  OVER  3< 
APPLICATIONS  ARE  PENDING.  Write  for  theCcm: 

Electric  booklets  covering  FM  station  planning,  e()>iipme 
description,  and  general  station  operation.  Inese  public 
<  ions  describe  G-E  transmitters,  antennas.  associaicH  cqui 
mcnt.  and  contain  operating  data  from  FM  station  nM  .H 


STUDIO  AND  STATION  EQUIPMENT  •  TRANSMITTERS  Al 
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FM  COVERAGE 

DAY  AND  NIGHT 
2640  SQ.  Ml. 


AM 

DAY 

530  SQ.  Ml. 


AM 

NIGHT 
72  SQ.  Ml 


MiliW 


[  stations 


tis  patten 
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(ieneral  Electric's  pust-war  FM  equipment  will  in¬ 
clude  significant  developments  in  circuits,  components, 
and  layout  that  will  contribute  directly  to  the  quality 
and  economy  of  your  broadcasting  system. 


ESTABUSH  A  POST-WAR  PRIORITY  ON  DELIVERY 
OF  YOUR  FM  EQUIPMENT.  In  order  to  enable 
yoa  to  obtain  a  post-war  priority  on  deUvery  of  trans¬ 
mitters  and  associated  equipment.  General  Electric 
offers  you  the  “G-E  Equipment  Reservation  P^n.” 
This  plan  will  assure  you  of  prompt  post-war  delivery 
of  your  transmitting  eqi^ment.  Write  for  your  copy 
of  'TheG-E  Equipment  Reservation  Plan.”fi/«;tnMii<'« 
Gpneml  Klectrir,  Srhenectntfy,  N.  V. 


Regardless  of  your  present  power,  if  you  face  a  coverage 
problem,  if  you  share  a  crowded  channel,  consider  FM.  In 
nearly  every  case  FM  will  provide  better  coverage  of  the 
same  area  at  less  cost,  or  better  coverage  of  more  area  at 
the  same  cost. 

Wherever  station  interference  presents  a  problem,  look  to 
FM  for  better  coverage.  Consider,  for  example,  the  case  of 
the  1400-kc  channel  in  the  broadcast  band.  Here,  eighty- 
five  AM  stations  share  the  same  frequency.  Eighty -one  of 
them  are  rated  at  250  watts  and  at  night  are  capable  of 
causing  serious  heterodyne  interference  up  to  400  mile's. 
This  interference  greatly  reduces  nighttime  coverage. 
Engineering  data  indicate  that  under  conditions  of  average 
ground  conduertivity  (3  x  10-^^  EMU)  arid  with  an  antenna 
height  of  331  feet,  the  effective  range  of  these  stations  over 
flat  country  would  be: 

AM  Service  Range  Coverage 

Day  13  miles  530  square  miles 

Night  4.8  miles  72  square  miles 

Compare*  this  with  the  <x>verage  cf  a  250- watt  FM  station 
using  a  single-bay  antenna  331  feet  high  broadcasting  over 
the  same  terrain: 

FM  Service  Range  Coverage 

Day  and  Night  29  miles  2640  square  miles 

Thus,  FM  gives  five  times  the  coverage  by  day;  thirty-five 
times  the  coverage  by  night!  To  your  audienc'e  this  means 
improved  service.  To  you,  this  means  a  larger  audience 
and  better  service  to  advertisers. 

When  you  plan  your  FM  station,  make  full  use  of  General 
Elecrixic’s  vast  background  of  experience  in  the  FM  field. 
G.E.  is  the  one  manufa(ri;urer  with  experience  in  designing 
and  building  complete  FM  systems — from  transmitters  to 
receivers.  G.E.  has  designed  and  built  more  FM  broadcast 
transmitters  than  any  other  manufacturer.  G.E.  has  fur¬ 
nished  a  large  percentage  of  today's  half-million  FM  home 
receivers.  G.E.  has  supplied  six  complete  studio-transmitter 
FM  relay  links  with  thousands  of  hours  of  regular  opera¬ 
tion  to  their  record.  General  Electric’s  experience  in  the 
FM  broadcasting  field  includes  more  than  three  years  of 
programming  through  its  own  FM  proving- ground  station 
WGFM  at  &henectady,  where  every  transmitter  develop¬ 
ment  is  tested  before  it  is  offered  to  the  industry. 

Tune  in  General  Electric's  "The  World  Today"  and  hear  the  news  trom 
the  men  who  see  it  happen,  every  evening  except  Sunday  at  6:45  E.W.T. 
over  CBS  network.  On  Sunday  evening  listen  to  the  G-E  "All  Girl  Or¬ 
chestra"  at  10  E.W.T.  over  NBC. 


5  times  the 
coverage  by  day 

35  times  the 
coverage  by  night 
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AND  NOTHING  ELSE! 


Making  wire — ^that’s  the  full  time,  all  time  job  of 
Roebling  wire  specialists.  Wire  Specialization — 
that’s  the  secret  of  Roebling  quality. 

When  you  see  the  name  Roebling  on  a  reel  or  coil 
— ^you  know  it  has  real  significance.  It  stands  for 
integrity  in  electrical  wires  and  cables — integrity 
that  has  been  the  watchword  of  generations  of 
Roebling  wire  specialists. 

Give  your  product  the  plus  in  safety  and  depend¬ 
ability  which  Roebling  electrical  wires  and  cables 
assure.  Available  in  types  for  all  purposes — from 
portable  cords  and  magnet  wire  to  heavy  power 
cables. 


JOHN  A.  ROEBLING’S  SONS  COMPANY 

TRENTON  2.  NEW  JERSEY 
tronchM  and  Warahau$»t  in  Principal  CHiat 
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e  ROEBLING 


PACEMAKER  IN 
WIRE  PRODUCTS 


WIRE  ROSE  AND  STRAND  •  PIHtNOS  •  AERIAl  WIRE  ROSE  SYSTEMS  •  COID  ROLLED  STRIR  •  ROUND  AND  SHARED  WIRE 
AIRCORO,  SWAOn  TERMINAU  AND  ASSEMSLIES  •  SUSRENSION  SRIDOES  AND  CABLES  •  ELECTRICAL  WURS  MO  CAMM 

wm  a0m  and  Nfnme  •  mon  and  sow  camon  acid  and  basic  omm  mulsim  siwi 
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The  National  Union  Laboratories  are 
now  available  to  complete  your 
established  engineering  facilities 


There  is  no  need  to  postpone  your  electronic 
research  program,  awaiting  the  day  when  com¬ 
petent  engineers,  costly  equipment  and  scarce 
materials  can  be  obtained.  You  can  start  right 
now  and  be  far  ahead  by  having  National 
Union  Laboratories  take  over  this  highly  spe¬ 
cialized  part  of  your  work,  thus  rounding  out 


the  development  activities  of  your  existing 
engineering  group. 

Whether  you  are  interested  in  a  single  proj¬ 
ect  or  a  complete  service— we  invite  you  to 
investigate  National  Union  Electronic  Research. 
Let’s  talk  it  over.  There  is  no  obligation  what¬ 
ever.  Please  address  inquiries  to  Department  E. 


NATIONAL  UNION  RESEARCH  LABORATORIES 

National  Union  Radio  Corporation  Nowark  2,  Now  Jorsoy 
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in  electronic  heating  “just  any  tube'*  is  not 
good. enough.  Only  specially  designed  tubes  are 
capable  of  delivering  a  full  life  of  efficient  operation 
for  this  unusual  function. 

United — a  front  line  pioneer — has  for  many  years 
been  the  leading  supplier  of  tubes  for  the  most  widespread 
field  of  R-F  heating  .  .  .  Diathermy. 

Heavy  Duty  oscillators  and  power  supply  mercury  recti¬ 
fiers  by  United  are  popular  among  users  of  H-F  induction  heat¬ 
ing  because  they  "stand  up"  under  the  fluctuating  demands  of  this 
application. 

To  lower  your  operating  costs,  through  increased  life  expea- 
ancy  of  your  tubes,  equip  with  the  UNITED  tubes,  ideally  designed 
for  H-F  heating  .  .  .  Write  for  technical  data  and  tube  inter¬ 
change  information. 


UNITED  ELECTRONICS  COMPANY 


NEWARK  2 


NEW  JERSEY 


TKANSMITTINC  TUBES  EXCIUSIVEIY  SINCE  1934 
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RIGHT  OFF  THE  PRESS  this  Handbook 

completely  covers  the  subject  of  flexible  shafts. 


It  presents  full  information  and  engineering 
data  on  the  tv^o  classes  of  flexible  shafts— 
power  transmission  and  remote  control. 


It  gives  a  clear  picture  of  the  range  and 
scope  of  available  shafts  of  each  class- 
including  illustrations  and  descriptions  of 
m6ny  actual  applications. 


It  explains  in  detail  the  procedure  of  mak¬ 
ing  a  flexible  shaft  application— including 
how  to  select  the  right  shaft  for  a  specific 
set  of  conditions  and  how  to  work  out  all 
application  details. 


We  will  be  glad  to  send  a  copy  of  this  Hand¬ 
book  free,  to  any  engineer  who  has  an  im¬ 
mediate,  or  possible  future,  interest  in  flexible 
shafts.  We  make  only  this  understandable 
provision  —  thqt  you  write  for  your  copy  on 
your  business  letterhead  and  indicate  your 
position  or  title. 


DIVISION 


FLEXIBLE  SHAFTS 


MOLDED  PLASTICS 


MOLDED  RESISTORS 


FLEXIBLE  SHAFT  TOOLS 
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A  camera  clicks  in  Moscow.  Thirty  minutes  later,  via 
Press  Wireless  radiophoto  circuit,  the  picture  is  in 
Times  Square,  ready  for  the  newspapers. 

^Today,  swift,  dependable  and  accurate  radio  trans¬ 
mission  and  reception  of  pictures,  drawings, 'blue¬ 
prints  and  other  graphic  material  is  of  vital  impor¬ 
tance  not  only  to  the  papers  but  to  many  other  agencies  as  well. 
Mindful  of  this.  Press  Wireless  is  making  constant  improvements 
in^  its  radiophoto  technique  and  equipment. 

An  example  is  the  trans-receiver-shown  here.  It  can  send  or 
receive  a  radiophoio,  uses  either  amplitude  or  frequency  modu¬ 
lation  of  the  .sub-carrier,  is  compact,  easy  to  operate  and  reliable. 

The  trans-receiver  is  one  of  several  advanced  units  Press 
Wireless  has  designed  and  is  manufacturing  chiefly  for  war 
today,— for  peace  tomorrow. 


X 


I'RESS  WIRELESS, 


Executive  and  Sales  Office 
1475  BROADWAY,  NEW  YORK  18 


RIO  DE  JANEIRO  •  MONTEVIDEO 


BERME 


•  SANTIAGO  DE  CHILE  .  NEW  YORK  •  CHICAGO  •  LOS  ANGELES  • 


LONDON 


HAVANA 


KNOWN  THE  WORLD  OVER 


ThU  it  th«  naw  dioaatar,  wira  wovad  vori- 
obla  ratiftor,  353  Sariat,  with  ratittanca  volua  aa 
la  30,000  ohait  llnaar  ead  with  tha  toaia  bofcalita 
hoatiag  and  aroandad  malol  coattructiaa  at  Iba 
poiMtlar  I  Vt*  333  Sariat.  (This  ratittor  on^r,  tbawn 
at  octvol  tixa.) 


Chicago  Telephone  ^Supply  Company  When  wartime  demand  slackens, 

is  an  internationally  known  manufac-  Chicago  Telephone  Supply  Company’s 

turer  of  the  finest  variable  resistors  for  tremendous  production  facilities  and 

all  applications.  Behind  these  products  unexcelled  craftsmanship  will  be 

are  a  modern  scientific  mass  produc-  turned  once  again  to  civilian  produc¬ 
tion  organization  and  many  years  of  tion  of  wire  wound  and  carbon  types 

intensive  research.  resistors. 


VARIABLE  RESISTORS.  PLUGS  AND  JACKS 
SWITCHES,  TELEPHONE  GENERATORS,  RINGERS 


BRANCH  OFFICES 
S.  J.  Hutchinson,  Jr. 

40)  North  Brood  Strati 
Philodalphie  8,  FannsyUonio 
Fhonai  Walnut  5389 


REPRESENTATIVES 
R.  W.  Farris 
2600  Grand  Avanuc 
Kansas  City  8,  Missouri 
Phont:  Victory  3070 


Frank  A.  Emmat  Co. 

2837  West  Pico  8oulavard 
Los  Angalas  6,  Coliiornio 
Pkeaa;  Rochastar  9))) 


IN  CANADA 
C.  C.  Mtrtdilh  8,  Co. 
Straatsaille,  Ontorio 
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The  recognized  quality  and  dependability 
of  AAC  quartz  crystals  is  the  result  of  AAC*s 
wide  experience  as  one  of  America’s  largest 
producers  of  transmitters  and  other  precision 
4*adio  equipment.  AAC  quartz  crystals  and 
crystal  units  have  proved  so  outstanding  in 
meeting  intricate  specifications  and  exacting 
requirements  that  they  are  today  demanded 
by  many  of  the  world’s  greatest  airlines,  radio 
manufacturers,  various  branches  of  the  armed 
services  and  other  government  agencies. 

This  practical  achievement  background — 
plus  AAC’s  staff  of  skilled  engineers  and 
modern « to 'the 'minute  manufacturing  facilb 
ties  is  ready  to  meet  your  crystal  needs  ad* 
vantageously.  Rapid  delivery  of  standard 
types — also  special  types,  ground  and  mount' 
ed  to  your  specifications.  — rr- 


ELECTRONICS  DIVISION 


Kansas  City,  Kansas 


WRITE  now  for  your 
free  copy  of  the  new 
AAC  crystal  catalog 


about  AAC  quartz  crys* 
uls  and  crystal  units. 


^tuxLuct) 


RADIO  and 

Kansas  City,  Kans. 


I 


PROVED  IN  USE! 

There  is  no  question  about  AAC  crystals  meeting  the 
most  exacting  requirements  under  severe  operating 
conditions.  Their  reliability  has  been  tested  and  proved 
a  thousand  times  over  ...  in  battlefront  service  to  the 
armed  forces ...  in  helping  to  keep  the  communication 
systems  of  many  leading  airlines  working  efficiently  . . . 
in  meeting  the  quality  dem'ands  of  radio  manufacturers. 
The  list  of  users  of  AAC  crystals  shown  below  is  a 
tribute  to  the  engineering  skill  and  fine  manufacturing 
fficilities  behind  AAC  crystals. 

Braniff  Airways,  Inc. 

Chicago  &  Southorn  Air  Linos,  Inc. 

National  Airlines,  Inc. 

Northwest  Airlines,  Inc. 

Pan  American  Airways  System 

Pan  American-Grace  Airways,  Inc. 

Pennsylvania-Central  Airlines  Corp. 

,  Transcontinental  &  Western  Air,  Inc. 

Colonial  Radio  Corp. 

Columbia  Broadcasting  System,  Inc. 

Stewart-Warner  Corporation 

Western  Electric  Company,  Inc. 

Zenith  Radio  Corporation 

Remember,  crystal  production  is  only  one  of  AAC’s 
services  to  the  aviation  and  electronics  industries.  The 
production  of  airborne  and  ground  radio  equipment  at 
the  rate  of  more  than  30  million  dollars  yearly  for  U.  S. 
government  and  leading  airlines  demonstrates  the  wide 
scope  and  high  rating  of  AAC  manufacturing  ability. 


ELECTRONICS 

New  York,  N.  Y. 


ORPORA  TiO\ 


.  ENGINEERED  POWER  CONTROLS 

Burbank,  Calif.  Coble  Address:  AACPRO 
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TYPE 
P  5  N 


SMALLEST  PAPER 

CAPACITOR  -  -  * 

yef  ]00% 

MOISTUREPROOF 


TYPE 

P4N 


FEATURES 

1.  Bokain*  iMdaold  Ends.  Lsod  wtrs  cannot 
puU  eat  OTon  under  hot  conditions. 

2.  Noa>lnducttvo. 

3.  EaeoUont  Tompoiaturo  Cooificiont 

4.  Very  hl^  tookago  Rosistanco. 

5.  Fins  Powot-Toctoi. 

6.  Range  from  20  MMFD  to  .25  MFD. 

From  ISO  Tolts  to  600  Tolts. 

7.  Typos  P4N,  P5N  lor  100%  humidity  opora- 
tioa. 

8.  Typos  P4.  PS  lor  95%  humidity  operation. 

Sastplos  osd  price  list  on  Reqsesf 

lUY  EXTRA  WAR  BONDS  .  .  . 
.  .  .  'TIL  THE  WAR  IS  OVER. 


DUMONT 

ELECTRIC  CO. 

•  M  f  8  S  O  f  i 

CAPACITORS  FOR  EVERY  REQUIREMENT 

34  HUBERT  STREET  NEW  YORK.  N.  Y. 


lURES  ONE 


REGAR 


X 


^ANDARD  OF  EXCELLENCE 
ESS  OF  QUANTITY  Jf 


Uniqu*  production  systoms  work  side  by 
side  with  a  ▼•rsotile  enginoorinq  organiza¬ 
tion  to  build  tho  utmost  in  sfficisncy  into 
STsry  TEMCO  transmitter.  Regardless  oi 
quantity,  be  it  one.  ten  or  a  thousand  units 
. . .  STsry  TEMCO-built  transmitter  receives 
the  benefit  oi  superb  construction  and  engi¬ 
neering  design. 

Your  expert  eye  will  easily  recognize  the 
marks  oi  finer  craftsmanship  evident  in  these 
TEMCO-built  products,  aldiough  only  one 


special  Power  tube  Liie  test  rack  was  built 
in  contrast  to  hundreds  oi  these  150GS  trans¬ 
mitters. 

Delivered  irom  the  some  production  lines, 
all  were  endowed  with  every  advontoge  oi 
TEMCO'S  advanced  engineering  skilL 


SANGAMO  ELECTRIC 


NIMBLE  FINGBBS  Experienced  Sangamo  operators  develop 
such  a  pronounced  sense  of  touch  that  their  handling  of  MICA  in  its 
initial  state  of  preparation— that  of  splitting— is  accomplished  with 
the  greatest  dexterity  and  finesse.  "Nimble  fingers”  inaugurate  a 
quality  control  through  ability  that  is  maintained  through  each 
process  of  CAP.4CITOR  production.  Thus,  faithful  performance  of 
the  smallest  to  the  largest  unit  has  its  beginning  in  the  intricate 
art  of  MICA  SPLITTING. 
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COMPANY 


SPRINGFIELD 

ILLINOIS 
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JANGAMO 

MICA 

CAPACITORS 

★ 

'TH^icci  SplCtUtu^ 

Only  the  finest  obtainable  electrical  MICA  is 
used  for  the  dielectric  of  Sangamo  MICA 
CAPACITORS.  The  largest  quantities  of  high 
grade  block  .Mica  (so  called  l)ecause  it  is  still 
intact  as  a  block  and  not  split  into  individual 
laminations)  come  from  India,  although  some 
Brazilian,  .Argentine,  and  domestic  Micas  are 
equally  satisfactory. 

For  the  manufacture  of  Capacitors,  block 
Mica  must  be  split  into  uniform,  thin  lamina¬ 
tions.  The  voltage  l)reakdown  depends  upon 
the  thickness  and  (piality  of  the  Mica  lamina¬ 
tions,  while  the  uniformity  of  the  finished  ca¬ 
pacitors  depends,  in  large  measure,  upon  the 
unifontiity  of  the  thickness  of  laminations. 

Even  in  these  days  of  mass  production  and 
automatic  processing  machinery,  .Mica  Splitting 
is  still  necessarily  a  hand  o|x;ration,  for  no 
machines  have  been  develoj>ed  to  split  .Mica 
satisfactorily.  Deft  fingers  can  usually  split  Mica 
into  laminations  to  within  o.(mk)5  inch  of  the 
required  thickness. 

There  are  many  methods  of  splitting  .Mica. 
Some  operators  prefer  to  split  .Mica  using  a  Hat 
knife— others  use  a  needle.  In  some  cases  the 
.Mica  is  laid  on  a  glass,  plastic,  or  wooden  plate 
and  laminations  are  split  from  a  flat  surface- 
other  o|>erators  hold  the  .Mica  in  the  air  while 
splitting.  But  no  matter  which  method  is  used, 
it  is  imj>erative  that  injuries,  such  as  scratching 
of  the  surface,  or  fracturing  of  the  edges,  be 
avoided  during  the  splitting  o|x-ration. 


ELECTRONICS  — December  1944 


25 


‘*L£XEL*'  is  •  registered 
trmde-sisrk  el 
Tke  Deheekana  Cnwpsay. 


mim 

INDUSTRIAL  PRODUaS  DIVISION  •  CLEVELAND  13,  OHIO 

WISTIRN  SAIIS  HIADQUARTIRS  •  SAN  FRANCISCO  4,  CAIIF. 


COMPANY 
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For  a  given  conductor  size,  Lexel  insulation 
weighs  about  25%  less  than  extruded  insu¬ 
lation.  That’s  a  valuable  saving  in  a  wide 
variety  of  low-tension  uses  where  weight  is 
a  factor.  It’s  much  less  bulky,  too,  for  a  given 
voltage  resistance.  This  permits  compact 
design,  usually  important  in  instruments, 
controls  and  similar  applications. 

The  main  reason  for 
this  reduced  weight  is  that 
the  conductor  is  always 
perfectly  centered.  It  is 
heat-sealed  in  a  continu¬ 
ous  helical  tube  of  tape 
throughout  every  inch  or 
mile  of  its  length.  No  extra 
material  is  needed  to  in¬ 
sure  sufficient  insulation. 


MAM  iY  THi  MAKMS  OT  DOtAR  LAMMATIO  PAPft  INSULATION 


In  spite  of  its  light  weight  and  low  bulk, 
Lexel  meets  strict  requirements  of  high 
dielectric  strength,  high  insulation  resist¬ 
ance,  flame -retardant  qualities  and  ex¬ 
tremely  low  moisture  absorption.  This  is 
proved  by  its  wide  acceptance  in  rigid  mili¬ 
tary  specifications. 

These  qualities  of  Lexel  will  extend  its 
value  to  many  peacetime  products.  If  your 
designs  call  for  low-tension  circuits,  be 
sure  to  consider  Lexel.  Ask  for  detailed 
information  and  samples  of  Lexel  tape  or 
insulated  wire  for  your  experimental  use. 


CUSTOM-MADE  INSULATION 


As  a  regular  service,  Dobecktnun  engineers  also  develop 
laminated  insulation  products,  custom-made  to  special 
purpose  specifications,  such  as  slot  cell  and  phase  insula¬ 
tion  for  motors,  insulation  for  shipboard  cables  and  other 
uses.  If  jrour  requirements  are  unusual,  call  on  us. 


A.  SAVE  WEIGHT 


in  low-tension  circuits 


with 


VKTOt  tELATtOm  fOR  FUU  LOAD  AND  VARIAKE  IM  VOlTAOk 


PRINCIPLES  OF  OPERATION 

The  stabilizer  consists  of  two  transformers  with  the 
primaries  in  series.  One  of  these  transformers  operates 
at  high  magnetic  density.  This  transformer  with  the 
higher  saturation  is  partially  resonated  by  means  of  a 
condenser.  The  secondary  of  the  two  transformers  are 
connected  in  series  opposed.  Careful  design  results  in 
the  various  voltages  adding  up  vectorially  producing 
the  desired  output  changes  compensating  for  dif¬ 
ferences  of  individual  voltages.  The  resultant  is  a  con¬ 
stant  output  voltage.  This  action  is  illustrated  above 


in  the  chart  of  vector  relations  of  voltage. 

A  Raytheon  Voltage  Stabilizer  .  .  .  built  into  new 
equipment  or  incorporated  into  apparatus  not  having 
voltage  regulation  . . .  improves  the  performance  and 
assures  reliable,  accurate  operation  of  the  equipment. 
It  stabilizes  varying  line  voltages  from  95  to  130 
volts  to  plus  or  minus  %.  Entirely  automatic  in  oper¬ 
ation,  the  Raytheon  Voltage  Stabilizer  has  no  moving 
parts,  nothing  to  wear  out.  Simply  connect  it  and  for¬ 
get  it.  Write  for  Bulletin  DL48-537. 


i-. 

V  iW 


RAYTHEON 


/fix  MANUFACTURING  COMPANY 

Mmmmmmmik  ffO  WlliOW  STRUT,  WALTNAM,  MASS. 
MANUPACTUtERS  OP  VOlTAOl  STASIUZIRt,  RtCSIVlHO  ANO  TRANSRMTTWO  TURtS 


Tha  cevatad  Anay-Novy  "E**,  for 
Excallanca  la  tha  aianafactara  of 
war  aouiooMat  and  tuba*,  Sioa 
ovor  all  foar  loythaoa  Planti 
whara  ovar  15,000  man  and  wom¬ 
an  ora  praducing  for  VIOORY. 


COMHJTf  SUKTRONIC  BQUMNMNT 
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\n  Electrical  Insulation . . .  the  first 


Above:  One  of  the  earliest 
Edison  by-polar  gener¬ 
ators —  now  on  display  at 
the  Mica  Insulator  Com¬ 
pany  plant  in  Schenec¬ 
tady,  It  is  still  in  operat¬ 
ing  condition. 


Electrically  powered  equipment  and  the  Mica 
Insulator  Company  have  grown  up  together... 
and  it’s  a  far  cry  from  oiu*  first  manufactured 
insulation  to  the  multiple  materials  we’re 
producing  today.  During  the  fifty  years  of  our 
business  existence,  virtually  the  entire  span  of 
electrical  history  is  encompassed  . . .  from  the 
early  Edison  bi-polar  generators  (for  which  we 
made  sheet  mica  insulation)  to  the  gigantic 
turbo-driven  jobs  of  today  and  tomorrow.  Since 
1894,  our  birth  date,  electricity  has  stretched  its 
slender  tentacles  to  the  farthest  comers  of  the 
country.  It  has  powered  the  growth  of  our 
industrial  stature  and  nurtured  the  evolution 
of  the  electronic  wonder  world.  No  longer  earth- 
bound,  it  soars  the  skies  and  sails  the  seas... 
it  flings  Man’s  voice,  Man’s  philosophies,  his 
music  and  now  his  image,  full  around  the  world. 
And  every  step  of  the  path,  faltering  or  fleeting. 


has  depended  on  the  certain  sheathing  of  the 
insulation  which  harnesses  and  guides  the  flow 
of  electrical  energy. 

Our  job — small  but  important — has  been  to 
keep  pace  with  the  constant  flux  and  growth  of 
the  electrical  world,  and  to  provide  dependable 
insulation— designed  and  made  for  each  pro¬ 
gressive  stage  in  electrical  development.  And, 
while  it’s  pleasant  to  realize  that  we’ve  done  that 
job,  mere  age  or  past  privileges  are  not  tempting 
Mica  Insulator  Company  to  sit  back  and  regard 
its  laurels.  We’re  too  impressed  with  the  need  of 
keeping  ready  our  every  resource  for  the  job 
ahead.  Electrical  manufacturing,  electronics, 
communications,  public  utilities — even  repair 
and  maintenance  fields  will  need  new  insulations 
— fabricated  with  the  care  and  craftsmanship 
that  comes  only  with  experience.  Mica  Insulator 
Company’s  job  therefore,  lies  ahead ! 


MICA  INSULATOR 
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200  VARICK  STRin,  NEW  YORK  14,  N.  Y. 


SoIm  R«prMMtatrv«f: 

BAKORINO,  INC.:  1020  Heu«t«n  Av«nu*,  Houston  10,  Toxot 

THE  TRIANGLE  PACIFIC  COMPANY 

SAN  FRANOSCO;  1045  Bryant  Stroot  •  SfATTlE:  95  ConnocNcut  Sirool 
LOS  ANOilfS:  340  Aswta  Stroot 


A  SINGLE  SUPPLY  SOURCE  FOR 
OlVERSIFIED  INSULATION  MATERIALS 

Mica  Insulator  Company  offers  to  the  electrical  industry  today  a 
single  supply  source  for  a  completely  rounded  line  of  insulations, 
both  in  standard  form  and  made-to-specification.  Branch  offices, 
distributors  and  fabricators  are  strategically  located  in  industrial 
centers  from  coast  to  coast,  providing"  fast  service  on  fabrication 
and  delivery  of  special  parts ...  as  well  as  expert  assistance 
for  consultation  on  problems  affecting  insulating  materials. 

Manufacturers  and  designers  now  planning  postwar  products 
are  invited  to  investigate,  through  our  nearest  sales  office,  the 
advantages  to  be  obtained  by  utilizing  the  fifty  years  of  insula¬ 
tion  experience  which  is  ovirs  .  .  .  and  yours  for  the  asking. 


FABRICATORS 

NEW  YORK  14,  N.  Y.,  Mica  Insulator  Company,  200  Vorick  St. 

NEW  YORK  3,  N.  Y.,  InsuloHng  Fabricators  Inc.,  12  E.  12tb  St. 

S.  BOSTON  27,  Mass.,  Insulating  Fabricators  of  Now  EnghnM,  Inc.,  22  Elkins  St. 
CHICAGO  51,  III.,  Lamicoid  Fabricators,  Inc.,  3400  Potomac  Avo. 

CLEVELAND  7,  Ohio,  Tko  Kirby  Company,  13000  Athons  Avo. 

HOUSTON  10,  Tox.,  Bokoring,  Inc.,  1020  Houston  Avo. 


BRANCH  OFFICES 


CHICAGO:  600  Wost  Van  Buron  Stroot  •  CUVELAND:  1276  Wost  3rd  Stroot 
DETROIT:  2t5  Columbus  Avonuo  >  CINCINNATI;  3403  Hosolwood  Avonuo 


WiLCO  facilities 
Expanded  to  Meet 
Wartime  Needs! 


But  Postwar  Industry  will  be 
the  ultimate  gainer  from  the 
many  new  WILCO  products 
and  developments 


As  the  Hourglass  indicates  ...  at  the 
coming  of  peace,  the  skill  and  experience 
gained  in  the  development  and  application 
of  new  WILCO  products  and  techniques 
will  mean  much  to  automotive,  electrical 
appliance  and  many  other  tyiies  of  manu¬ 
facturing  customers. 


Though  now  chiefly  applied  to  the  war 
effort,  these  new  WILCO  developments  are 
destined  to  play  as  vital  a  role  in  the  post¬ 
war  indtistrial  “comeback”  as  they  are  now 
playing  in  scores  of  wartime  applications-. 


Thermostatic  Bimetals.  Electrical  Con¬ 
tacts,  and  Precious  Metal  Bimetallic  Prod¬ 
ucts  are  such  important  factors  in  the  pre¬ 
cision  performance  of  ships,  planes,  tanks, 
guns,  and  various  instruments  of  the  Army 
and  Navy  that  the  H.  A.  Wilson  Company 
has  found  it  necessary  to  enlarge  its  facili 
ties  and  develop  these  important  new  prod¬ 
ucts  and  techniques. 


In  the  postwar  period  no  company  will 
be  better  equipped  to  meet  individual  re¬ 
quirements  for  Thermostatic  Bimetals  and 
Electrical  Contacts  on  any  desired  scale 
than  the  H.  A.  Wilson  Company,  pioneers 
in  this  field. 


WILCO  PRODUCTS  ARE:  Contacts- 
Silver,  Platinum,  Tungsten,  Alloys.  Sin¬ 
tered  Powder  Metal.  Thermostatic  Bimetal 
— High  and  Low  Temj)erature  with  new 
high  temperature  deflection  rates.  Precious 
Metal  Collector  Rings  for  rotating  controls. 
Silver  Clad  Steel.  Jacketed  Wire — Silver 
on  Steel,  Copper,  Invar,  or  other  combina¬ 
tions  requested.  Rolled  Gold  Plate.  Special 
Materials. 


The  H.  a.  Wilson  Company 
105  Chestnut  Street.  Newark  5,  New  Jersey 
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Thermometals — Electrical  Contactt 
Precious  Metal  Bimetallic  Producti 
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it^s  attentioii  to 


Human  skill  can't  b«  sctontiflcally  tsstsd.  That's 
iHiy  it  is  always  ths  unknown  quantity  in  manu* 
iocturing.  But  •zpoiisnc*  is  a  rrtiable  guida  to 
measuring  the  true  value  of  skill.  In  building  C>D 
Capacitors  precision  work  is  bocked  by  the  accu¬ 
mulated  experience  of  conscientious  men  and 
women,  some  of  whom  hare  bean  with  Cornell* 
Dubilier  for  nearly  the  whole  of  our  34  years  of 
existence;  others  for  five,  ten  and  twenty  years  of 
loyal  service. 

im 

To  the  human  element  in  making  C-D  Capodtors 
ore  added  the  finest  facilities — the  careful  selection 
of  flawless  materials.  These,  together  with  the 
expert  workmanship  of  trained  minds  and  skilled 
hands,  hove  given  Comell-DubiUer  a  reputotion 
for  quality,  for  minute  attention  to  every  detail, 
and  dependability  since  1910.  Cornell  •  Dubilier 
Dectric  Corporation.  South  Plainfleld,_New  Jersey. 


C-B  pm  TMIlUB  CftMCnrWTVK  IT 

Non^nduetivelif  wourid,  apt’ 
eially  aaalad  and  impregnated, 
itmaU  tn  size,  with  high  aafety 
factor.Type  DT  is  uniform  in 
electrical  properties  and  has 
rigidly  anchored  wire  leads. 
A  speckUly-treated  tube  keeps 
out  moisture. 
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I  he  march  of  Hytron  receiving  tube  prog¬ 
ress  down  through  the  years  is  fascinating. 
One  looks  back  on  tubes,  tubes,  and  more 
tubes: battery,  AC,  AC  DC,  diodes,  triodes, 
pentodes,  beam  tetrodes,  multiple  purpose 
types,  G’s,  MG’s,  BANTAM  GT’s  —  and 
now  the  miniatures.  Price  and  size  have 
been  drastically  cut;  quality  and  perform¬ 
ance,  amazingly  improved. 

Hytron  has  made  them  all.  Its  long 
and  varied  experience  is  priceless  in  a 
complex  industry  where  probably  never  will 
all  the  answers  be  known.  In  making 
radio  tubes,  painfully  acquired  practical 


experience  must  supplement  the  formulae 
of  science. 

With  an  eye  to  present  and  future,  Hytron 
is  concentrating  its  production  of  receiving 
tubes  on  preferred  BANTAM  GT  types 
needed  for  war  —  for  today’s  civilian  re¬ 
placements —  and  ultimately  for  post-war. 
Its  wartime  activities  are  teaching  Hytron 
new  techniques  of  miniature  production. 
Many  potentially  popular  Hytron  minia¬ 
tures  are  in  development.  Typical  American 
dissatisfaction  with  anything  but  perfection 
continues;  the  parade  of  Hytron  receiving 
tubes  marches  on. 


lOfACTUtlt 


OlOlST  IXCIOSIV* 
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jfondensers,  Fusft  Button  Tuning 


Variable  Tuning 


Mechanisms  and 


Actuators,  Phonograph  Record  Changers 


UNDER  THE  DIRECTION  OF 


LEE  GOLDER 


identified  for  more  than  20  years  with 
the  manulKture  of  radio  speakers. 


Millions  of  radio  components  on  the 
far  flung  battle  areas  of  the,  world  bear  the 
G.  I.  insignia.  What  they  have  accomplished 
is  already  in  the  archives. 


The  addition  of  a  complete  line  of 
speakers  is,  therefore,  not  a  venture  into  a 
new  field,  but  the  logical  outgrowth  of  our 
expanded  facilities,  developed  by  wartime 
activities  and  increased  resources  in  the 
radio  equipment  industry.  ' 


Behind  General  Insliumenfs  record 
of  achievement  in  the  quantity  production 
of  electronic  equipment  for  military  use, 
stands  nearly  a  quarter  rsntury  of  highly 
specialized  production  and  experience  in 
the  field  of  radio  componeillif  for  hqme  re¬ 
ceiving  sets. 


The  resourcefulness  and  ingenuity— the 
expanded  and  perfected  facilities  that  made 
this  mammoth  production  possible  will  be  put, 
without  stint,  behind  our  new  speakers.  Set 
manufacturers  will  know  what  this  will  mean. 


829  NEWARK  AYE.,  EUZABETH  3,  N.  J, 
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THERE'S  A 
TYPE  FITTED 
PRECISELY  TO 
YOUR  NEEDS... 

AElUm^X 


SPECIFY  AEROyOX 

Be  sure  you  have  the  Aerovox 
Capacitor  Manual  in  your 
working  library,  for  general 
guidance.  And  for  final  insur¬ 
ance  covering  satisfactory  re 
suits,  just  specify  Aerovox 
Capacitors. 


•  Aerovox  selection  ranges  from  liny  "postage- 
stamp"  molded-in-bakelite  units  to  giant  porcelain- 
cased  stack-mounting  units.  These  many  varied 
types  are  standard  with  Aerovox— in  daily  produc¬ 
tion-available  at  quantity-production  prices. 

The  following  factors  are  suggested  in  guiding 
yoiu  selection: 

Electrical:  (a)  Capacitance  and  tolerance;  (b)  D.C. 
voltage  rating;  (c)  Current-carrying  capacity  and 
frequency  characteristics;  (d)  Allowable  tempera¬ 
ture  rise  and  maximum  operating  lemperaturo;  (e) 
Special  characteristics  such  as  lemperalwe  co¬ 
efficient.  retrace,  etc.;  (f)  Special  operating  condi¬ 


tions  such  as  high  humidity,  altitude,  extreme 
temperatures,  etc.  Mechanical:  (g)  Basic  type;  (h) 
Terminals;  (i)  Case;  (j)  Mounting  holes;  (k)  Name¬ 
plate  data. 

e  •  • 

Yes.  Aerovox  expects  you  to  select  that  type  best 
fitting  your  particular  requirements  in  every  way. 
And  Aerovox  is  ready  to  help  you  make  the  proper 
soieclion.  Remember.  Aerovox  Application  Engi- 
neering  — that  "know-how"  second  to  none  in  the 
industry— can  make  all  the  difference 
between  disastrous  makeshifts  and 
the  most  satisfactory  results. 


INDIVIDUALLY  TESTED 


1  AEROVOX  CORPORATION,  NEW  BEDFORD,  MASS.,  U.  S.  A. 

Sales  Offices  In 

All 

Principal  Cities  ] 

1  Export:  13  E.  40  ST.,  YORK  16.  N.  Y.  •  Cable:  ‘ARLAB’  ■ 

In  CanadsP:  AEROVOX  CANADA 

LTD. 

,,  Hamilton,  Ont.  | 
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FOOD  PRODUCTS 


DRUGS  AND 
CHEMICALS 


TEXTILES 


DEHYDRATION 


SI 


STERILIZATION 


THERMOSETTING 
PLASTICS 


THERMOPLASTICS 


RUBBER 


PLYWOOD 


WOOD  PRODUCTS 


YOUR  PRODUCT? 


YOUR  COMPETITOR'S  PRODUCT? 


’Ti 


± 


:r^/' .“jei. 


£  Tties'iiiAtroii  Oiwi«ion 

S  - ^ -  ’  ’  . 

IIAIIIO  lli:(  i:i»TOII  <  0>ll*A\Y.  I><. 

25  1  WKHT  null  »»THKKT  .\KW  YOHK  II..Y.  V. 

.NCfc  19/2  N  PA  AN.,  ELECTRONICS 
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CoUntel  Cssty  said,  '^The  growing  compksdties  ef  airport  traffic  make  it  ever  more  importastt 
that  private  planes  and  regular  operating  passenger  aircraft  he  equipped  with  upao-^ote,  reliaUe 
two-way  radio,  if  Ingf  UatstUrds  of  safety  art  to  be  maintained.  One  mportarU  factor 


COLONEL  JOHN  CASEY,  Managt, 

Chkogo  Municipal  Airport 


Colonel  Casey,  Electronic  Laboratories  has  long  been  aware  of  the 
need  for  reliable  power  supplies  especially  adapted  for  aircraft  use. 
One  of  E-L's  exclusive  developments  along  this  line  involves  vibrators 
operating  in  parallel  which  assures  a  reserve  power  source  for  extra 
protection.  These  Vibrator  Power  Supplies — both  light  and  heavy  duty 
— are  specially  designed  for  complete  reliability  at  very  high  altitudes. 


STANDAtD  POWIR  SUPPLY 
MODIL  SC*1096 

Model  SC>1096  is  a  tvpical  E-L  Vibrator  Power 
Supply  which  meets  the  requirements  of  aircraft 
radio  use.  This  unit  was  designed  for  the  Canadian 
Signal  Corps  to  operate  radio  transmitters.  Iimut 
vdtage:  12  volts  DC,  or  110-117  volts  AC  at 
^0-60  cycles.  Output  voltage:  2000  volts  at  125 
ma.,  400  volts  at  25  ma.,  250  volts  at  10  ma.,  250 
volts  at  5  ma.,  10  volts  at  5  amps..  12  volts  at 
1  amp.  Output  power:  480  watts.  Dimensions: 
17*  X  12H'  X  7H'. 


^  The  life  of  E-L  Vibrator  Power  Supplies  is  far  beyond  the  customary 
overhaul  requirement.  With  these  units  maintenance  time  is  cut  to  a 
*  minimum — only  a  small  fraction  of  the  time  previously  r^uired. 
i  Other  E-L  developments  for  the  aircraft  held  include  units  for  hash- 
ii '  ing'wing  lights  and  for  instrument  panel  illumination.  This  equipment 
I'  **  has  wide  application  for  the  light  plane  held  as  well  as  for  large  aircraft. 

The  economy  and  versatility  of  Vibrator  Power  Supplies  are  also 
available  to  the  marine  held — where  units  have  been  designed  to  pro¬ 
vide  fluorescent  lighting,  radio-telephone  operation  and  electrical  ap¬ 
pliance  use — as  well  as  many  other  helds  where  it  is  necessary  to  con- 
1  vert  cunent  to  specihe  voltage  and  type  requirements . . .  Let  E-L  engi¬ 
neers  consult  with  you  on  your  power  supply  problem. 


VillATOI  POWEI  SOPPLIES  FOI  lIGHTtNG,  COMMUNICATIONS,  AND  ElECTtlC  MOTOI  OPEIATION  •  ELECTIIC,  ELECTIONIC  AND  OTNER  EQUIPMENT 


ih‘ 
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no  '^DOCTORED-UF"** 

VERSION  OF  AN  OLD  IDM»*IT^ 
A^^^^^JZOW  CENTURY 

vES/ON^mfrooR  years  of 

AND  TE$TIN^^^^^^\ 

nm/Eian 

iris  mujn*W^K> 


I  ease  and  speed  of  driving,  there 
i  nothing  quite  like  the  Phillips 
Recessed  Head  Screw. 

That’s  because  the  Phillips  Recess 
as  developed  from  scratch-not  just 
J  ipicd  from  some  older,  less  satis- 
Ktory  type  of  recess.  It’s  an  engi- 

I I  rt  (/  recess  . . .  with  years  of  costly 
Luting  and  research  behind  each 
tsign  feature. 

As  a  result,  every  angle,  every  flat 
lane,  every  dimension  of  the 
'hillips  Recess  makes  a  definite  con- 
ribution  to  easier,  faster, 
fficient  screw  driving. 


The  recess  walls  are  angled  just  ings  that  only  screws  with  Phillips 
right  to  eliminate  fumbling  starts,  to  Recessed  Heads  can  give  you!  All 
let  workers  utilize  their  jull  turning  over  the  country,  manufacturers  are 
power.  The  16  flat«planes  are  pro-  switching  to  Phillips  Recessed  Head 
vided  to  hold  even  worn  drivers  Screws  to  speed  up  assembly  and  cut 
snugly.  And  the  depth  of  the  recess  costs.  Give  your  assembly  depart¬ 
is  exactly  figured  to  give  unusual  ment  "a  shot  in  the  arm”  —  change  to 
strength  to  Phillips  Screw  Heads,  Phillips  Screws,  too.  Available  in  all 
and  make  it  easy  to  keep  Phillips  head  styles,  types,  and  sizes! 

Bits  and  Drivers  lined  up  with  the 
axis  of  the  screw. 

To  Make  Wartime  Quotas 
and  Peacetime  Profits  ... 
get  the  faster  starting  —  faster  driv¬ 
ing-stronger,  better-looking  fasten- 


IDENTIFY  ITl 


Center  corners  of 
Phillips  Recess  ore 
rounded  .  .  . 

NOT  square. 


more 


Bottom  of  Phillips 
Recess  is  nearly 
flat  ... 

NOT  tapered  to  a 
sharp  point. 


Piwtacktt  Strtw  C«.,  Pawtuckd,  R.  I. 

PhMil  MaiiiitMtiirini  C«..  Chicat*.  III. 

Raadins  Scraw  Ca..  Norriitawa.  Pa. 

RwmII  BurdutI  &  Ward  BaH  A  Nut  Ca..  Part  Chaatar,  N.  Y. 
Saavill  Maanfatturint  Ca..  Watamilla.  Caaa. 

Bbakepraal  lat..  Chicata.  HI. 

Tha  Sauthlaitaa  Hardwara  Mtf.  Ca.,  Sautblaftaa.  Caaa. 
WaWarina  Bait  Ca.,  Detrait  Mich. 


Aiaarkan  Serrw  Ca..  Prsvidence.  R.  f. 
Attaatle  Straw  Wariq,  Haittard,  Caan: 

Tha  Briatal  Ca..  WatefOery,  Caaa. 

Central  Screw  Ca..  ChieatS.  lit 
Chandler  Praducti  Carp.,  Clavelaad.  Ohia 
Caatinantal  Screw  Ca..  New  Bedtard.  Mast. 
The  Carbia  Saraw  Carp.,  Naw  Britain,  Cana. 
Ganaral  Screw  Mf|.  C^,  Chicapa,  III. 


The  H.  M.  Harper  Ca..  Chicapa.  lU. 
International  Saraw  Ca.,  Detrait  Mich. 

Tha  Lamcoa  A  Seaaionc  Ca.,  Cleveland,  Ohia 
Manulacturart  Screw  Produrts,  Chicapa,  III. 
Millard  Rivet  and  Machine  Ca..  Millard,  Caan. 
Tha  National  Screw  A  Mtp.  Ca.,  Cleveland.  Ohia 
New  Enpland  Screw  Ca..  Keane,  N.  H. 
Parker-Kalan  Carp..  Naw  Yarfc,  N.  Y. 


r 


FINEST  PICTURE  QUALITY  IN  BLACK  AND  WHITE  AND  IN  FULL  COLOR! 


Sharper,  more  brilliant  pictures 
than  ever  before  possible  are  now 
a  reality  with  Federal^s  new  broad¬ 
band  television  technique  .  .  . 

In  a  revolutionary  contribution  to 
the  television  art,  Federal’s  system 
permits  combining  sight  and  sound 
on  one  carrier  frequency  .  .  . 

For  the  broadcaster— a  single  trans¬ 
mitter,  and  consequently,  lower 
first  cost,  lower  power  consumption, 
less  space  requirement,  and  fewer 
high  power  tubes  . . . 

For  the  television  audience  —  a 


of  its  new  television  transmitter 
atop  the  Chrysler  Tower  in  New 
York. 


simpler,  less  expensive  receiver, 
more  compact  and  efficient,  and  re¬ 
quiring  fewer  tubes. 

This  great  forward  stride  is  the 
logical  outcome  of  Federal’s  long 
list  of  achievements  in  the  field  and 
the  contribution  of  Federal’s  en¬ 
gineers  to  the  development  of  the 
“Micro^ay”  more  than  a  decade 
ago  .  .  .  the  forerunner  of  modem 
television  technique. 

And  as  a  result . . .  Federal  has  been 
selected  by  the  Columbia  Broad¬ 
casting  System  for  the  construction 


Federal’s  modem  television  tech¬ 
nique  will  also  be  reflected  in  an 
equally  advanced  Federal  tele¬ 
vision  receiver  for  the  home  .  .  . 
producing  the  finest  picture  quality. 

Federal  has  the  experience,  the 
facilities,  the  technique,  needed  to 
build  television  equipment  for  any 
broadcasting  requirement.  For  the 
best  in  television  —  see  Federal  first 
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W  '  •  ^  - 


This  is  a  special-purpose  electronic  part.  It  is  a  plug-  tronic  equipment  through  engineering  and  produc- 

receptacle  assembly  for  use  with  rack-panel  type  of  tion  of  sub-assemblies  that  make  most  efficient  use  of 

mounting.  Twenty-four  silver-plated  phospher-  porcelain  or  steatite  and  associated  metal  parts, 

bronze  contacts  are  provided,  each  male  and  female  There  may  be  a  way  you  can  improve  performance, 
contact  full  floating  between  steatite  plates.  Heavy  cut  costs  and  cut  production  time  through  use  of 

guide  pins  and  matching  holes  in  the  frame  assure  Lapp-designed  and  Lapp-built  sub-assemblies.  We’d 


perfect  alignment. 

We  don’t  know  that  your  product  has  any  need  for 
such  a  part  as  this.  We  do  know,  however,  that  this 
part  is  most  exactly  suited  to  its  special  requirement 
just  as  are  hundreds  upon  hundreds  of  other  parts 
which  have  been  created  through  Lapp  engineering 
and  Lapp  production  facilities  directed  to  the  solu¬ 
tion  of  specific  problems. 

With  a  broad  basic  knowledge  of  ceramics — their 
cipabilities  and  their  limitations — Lapp  has  been 
able  to  simplify  and  to  improve  many  types  of  elec- 
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like  to  discuss  your  specific  requirements  with  you. 


Lapp  Insulator  Co.,  Inc.,  LeRoy,  N.  Y, 
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FERRANTI 
...for  QUALITY 

WAR  BONDS 

Victory 


Now. . . 
thanks  to 
Increased 

Production  Facilities 


// 


FERRANTI 

"Proven  Quality 

TRANSFORMERS 

CHOKES,  FILTERS  aiid  ALLIED  PRODUCTS 

can  be  delivered 

WITHOUT  DELAY.  .  . 


Mark  of 

PROGRESS  and  QUALITY 


Our  many  years  of  experience  are  yours 
to  help  meet  technical  requirements 


FERRANTI  ELECTRIC,  INC. 

RCA^BUILDING 

NEW  YORK  20  •  NEW  YORK  . 


V 


9  3 


# DECADE  MULTIPLIER  (4  steps) increases  useiul 


range.  The  accuracy  oi  the  frequency  calibration 


5%  over  extended  periods.  *OUTPUT  VOLT- 


AGE-may  be  varied  in  hxed  steps  or  conttnu 


ously  varied  by  means  of  varioble  voltage 


potentiometer  .  .  .  with  the  latter,  output  imped 


ance  is  from  0  to  2.000  ohms.  Approximately  20 


volts  maximum  voltage  output,  w  OUTPUT  IM 


PEDANCE-  100-200-500-600-1. 000-2. 000  ohms 


WLEADING  EDGE  TRANSIENT  TIME  -  .3  micro 


seconds.  Positive  to  Negative  halt  cycle  ratio  to  1 


within  10%  WPOWEH  SUPPLY  designed  to  oper 


ate  on  110-120  volts.  60  cycle.  A.C.  is  available 


lor  other  voltage  or  line  frequency  at  slight  addi 


tional  cost  WPOWER  CONSUMPTION:  30  watts. 


♦fuse  PROTECTION:  1  ampere 


IVII 


NM  MMK  MFIHIMATION  ON  THIS  NNO  OTNCR  MINER  EQUIPMENT  SUCH  AS  OSOUOSCOPES  AND 
SMNALCENERATORS.  WMTE  REINER  ELECTRONICS  CO..  NIC..  1S2  WEST  2STN  ST..  NEW  YORK  l.N.V. 
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ORDER  ONE  AND  SEE  FOR  YOURSELF 


PhODUfT^ 


SERVICES 
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WRITE 
FOR  THIS 
BOOKLET 


It  contains  details  of  FCC 
Tool  Steels  Cast  To  Shape 
and  of  other  important 
Forging  and  Casting  Divi> 
sion  specialties  that  may 
offer  you  money-saving 
production  ideas.  Get  your 
copy — write  for  it  today. 

Address  Dept.  E-26 


w.' 

W&D...9478  K'r 


"Y^THEN  it’s  dies  you’re  making 
— small  or  large — or  various 
other  forming  tools  or  gages  or 
certain  fast-wearing  parts  of  ma¬ 
chines,  FCC  Tool  Steel  Cast  To 
Shape  can  really  save  you  money. 

Very  intricate  shapes  can  now  be 
cast  in  one  piece  within  an  eighth- 
inch  of  finished  size.  This  means 
that  you  pay  for  less  steel  to  begin 
with,  and  reduce  machining  time 
substantially. 

Air  Hardening,  Oil  Hardening 
and  special  Hot  Work  Tool  Steels 
of  various  grades — each  a  thor¬ 


oughly  dependable  performer  in  its 
class — are  avail^le  in  this  modern, 
economical  form. 

Prompt  delivery  under  CMP. 


STBIL  CORPORATION 

forging  and  Casting  Division 
DITROIT  20,  MICHIGAN 


I; 


Greatei  Accuracy  Over 
Longer  Periods 


SHERRON  NULL  DETECTOR 


TONE  SOURCE  IN 


NHU  OCTECTOI 


Tho  otcnid#(l  Shorroo  Null  Dotoduv  b 
glvo  am  eypeuclcfeb  dofloetion  wHb  cut  input  volt* 
ogo  of  .01  volts.  Howovor.  iacrouuMd  oonaiHvitT  oon 
bo  foadtly  ebtcdnod  to  aaj  dobrod  dogroo.  ^ 


,  I IMO  qpebs  por  ■■naadt  ImlNMip  ^ 
rongomonb  ccro  praaridod  to*  ^^KCOlam^ 
both  tho  intonud  toao  tourco  and  filtor  cSiowt. 


Tho  Null  Dotoctor  b  so  doslgnod  that  whilo  on  in¬ 
put  Toltogo  of  .01  volte  will  eouso  cm  approdablo 
dofloetion  of, tho  indicating  motor,  32  volts  across  tho 
input  will  not  eouso  tho  motor  to  swing  off  setdo. 


By  moans  of  o  eoavooHonol  lock,  a  hood  sot  may  bo 
insortod  to  aseoriedn  audibly  if  tho  motor  b  indicat- 
mg  tho  bridgo  froquoney  or  any  oxtranoous  noisos. 


Tho  substitution  of  a  Cathodo  Ray  Tubs  in  placo  of  a  motor  movos  tho  tost  oquipmont  upward  bora  quanti- 
tativo  to  cfualitotivo. 

Uso  of  tho  Cathodo  Ray  Tubo  pormits  tho  onginoor  or  oporator  to  noto  immodiotoly  and  eocroct  any  distor¬ 
tion  of  wavo  shqpo,  any  displaeomont  of  phaso  or  oxtranoous  noiso  that  may  eouso  orror. 


SHERRON  ELECTRONICS  COMPANY 


Division  o/  Sbprron  Metallic  Corporation 

12$l  Fluthiug  Rvt.,  •  r*  •  k  I  f  ■  $, 


vnun  ttif  Meal  is  ttie  Standard,  ShMien  Units  ate  Standard  EgaipNBt 
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4.^  SOLA  CONSTANT  VOLTAGE  TPSFORMER 

that  bos  an  important  future  in  YOUR  postwar  plans 


There  may  be  one  vulnerable  spot  in  the 
design  of  your  equipment  that  this 
Sola  Constant  Voltage  Transformer  will 
il;;*  correct. 

r  Your  customers  do  not  have  the  stable 

&  line  voltage  called  for  on  your  label.  They 

will  blame  your  equipment  for  inefficient 
r-'  ®P®™tion,  not  the  fluctuating  voltages  that 
■  '/.-  really  cause  it. 

/  Build  this  Sola  Constant  Voltage  Trans- 
,  %  former  into  your  product  and  you  can  be 

certain  that  the  operating  voltages  will 
^  -  always  be  vrithin  *1%  of  rated  require¬ 


ments  regardless  of  line  fluctuations  as 
great  as  30%. 

This  Sola  Constant  Voltage  Transformer 
is  built  to  fit  your  equipment.  (Note  the 
small,  compact  dimensions.)  Its  low  cost 
will  fit  your  production  budget.  Its  auto¬ 
matic  operation  will  eliminate  the  need  for 
other  costly  components,  and  relieve  yotir 
customers  of  the  responsibility  of  making 
manual  voltage  adjustments. 

There’s  a  powerful  sales  story  behind  a 
product  equipped  with  a  Sola  Constant 
Voltage  Trankbrmer. 


To  /Mofivrocturors: 

Built-in  volttige  control  guaran- 
teen  the  voltage  called  for  on  your 
label.  Consult  our  engineers  on 
details  of  design  specifications. 

Adk  tor  aoHotki^ev-m 


■  TrmtformartfSflComtontVoltaq**  Col<f  CStKod«ii9iitins*  MsrevryloNipt*  S*ri«tUetitiNf  f’PWdrMCMtllsMins  •  X>|(ay  Equipment*  LwminQut  Tube  SHym 
'Oi  •vmer  IqnMiw  •aodlo  •  Pow»r  •  Control*  •  Siq"Ql  <  DoorlelU  ond  Chimet  •  etc.  SOLA  ILICTIIC  CO.,  SSS^Uh^koSHi  Av«.,CMtO0*14,Ui. 
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PLATE  DISS 
25  W 


PLATE  DISS 
75  W 


GAMMATRON  TUBES 


257B 


I 


his  complete  line,  cover¬ 
ing  a  power  range  of  50  to  5,000  watts, 
embodies  18  years  of  pioneering  and 
experience  in  the  design  and  manufac¬ 
ture  of  tantalum  tubes. 

Special  plate,  grid,  and  filament  design, 
and  new  metal-to-glass  seals,  give 
Gammatrons  remarkable  VHF  perform¬ 
ance. Other  features:  ability  to  withstand 
high  plate  voltages,  complete  protection 
against  tube  failure  due  to  overloading, 
and  long,  efficient  operating  life. 

The  Gammatron  engineers  responsible 
for  these  developments  will  be  glad  to 
help  you  with  your  special  problems. 


PLATE  DISS 
250  W 


HEINTZ‘ 


'KAUFMAN 


S4  2S4 !  2S7BI  3141 


4541  4541 


20S4A  3154 


MLAX.  POWER  OUTPUTi 
Ooa  'C'  R.P . 


PLATE  DISSIPATION! 
Warn . 


AVERAGE  AMPUFICATION 
FACTOR . 


25 

25 

25 

25 

2000 

73 

25 

2000 

75 

25 

900  900  UOO  1S00  1R20  3000  3600  2000  S300 


1 50  230  250  300  450  450 


5300 

1500 

20 

:  ■  ! 

MAX.  RATINGS 
Plot*  Volts 
Plato  M.A.  . 
Grid  M.A.  .  . 


225  150 

40  23 


MAX.  FREQUENCY.  Me 
Powor  Amolifior 


175  150  175  175 


INTERELECTRODE  CAPi 


FILAMENT! 
Volts  .  . 
Amp#  rot 


100  5000 
00  I  375 
60 


6000  6000  6000  5000  3000 
600  600  1000  1000  SOO 
80  110  125  250  200 


125  125  100  30  20  30 


PHYSICAL: 

longth,  Inchot . 4T{ 

Diomotor,  Inchot  ....  1:H) 

Weight,  Oi . '  .  .  1  's 

Roto .  Small 

UX 

*8oam  Pontodo. 


I2Li  I2.W 

5  5 

14  U 

Std.  Std. 

50  50 


11  It  15 
15.5 1  15  I  25 
1.2 


1 1  10 
17.5  22 


21«< 
6 

56  66 

HK  W.E 
255  Co. 


WRITE  FOR  FULL  DATA  ON  ALL 


GAMMATRONS 
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08<dUiaioni<.caus<d  by  rvboundng  relay  contacts  can 
^ro^'Udgb^trdublewitie.  However,  DuMont  OscUlography  (oscil- 
^CKpra^tr  equiii^enl  plus  the  know-how)  can  be  invaluable  in 
diSer]](iibiin§  tlie  sPuroe  of  such  difficulty  as  well  as  providing  con- 
^oluslvt  evi^race  that  rraecUal  measures  have  proved  effective, 
t'orin^^cet^ 

j*-/ /  '■  ^ 

'  A-^  standard'  I^a^onl^.oQciUogTaph  number  of  interruptions  and  dura- 

with  singll^ewKiaep  faati^e  is  used.  tion  of  rebounce  periods,  photo- 

No  additional  accessories  required.  graphic  records  are  made.  Since  the 

Relay  is  actuated  by  closing  a  frequency  of  the  sine  wave  is 

switch.  Relay  contact  applies  60-  known,  the  evaluation  of  results  is 

cycle  wave  to  vertical  deflection  simple.  In  this  oscillogram  there 

plates  of  cathode-ray  tube.  With  were  over  20  rebovmces  before  es- 

sweep  frequency  set  at  60  cycles.  tablishing  definite  contact.  Total 

one  complete  sine  wave  peric^  ap-  duration  of  series  of  rebounces  is 

pears  on  screen.  l/250lh  second.  Time  between 

If  relay  contact  closes  without  re-  opening  and  closing  of  contact  is 

bounce,  the  transition  from  horizon-  alx>ut  50  microseconds.  Greater  ac- 

tal  line  to  sine  wave  is  a  simple  curacy  may  be  had  by  using  higher 

straight  line  and  generally  occurs  frequency  wave  generated  by  an 

so  quickly  that  it  is  difficult  to  ob-  external  oscillator, 

serve  visually.  However,  if  re-  Fig.  2  oscillogram  demonstrates 
bounce  is  present,  the  interruptions  that  rebounce  has  been  eliminated 
are  indicated  by  a  series  of  parallel  by  cadmium  plating  the  contacts, 
vertical  lines  readily  observed,  as  amalgamating  with  mercury,  and 
in  Fig.  1.  finally  dropping  liquid  mercury  on 

If  it  is  desired  to  determine  the  them. 


An  illustration  from  hundreds  of  useful  applications  of  DuMont 
Cathode-Ray  Oscillographs.  Perhaps  your  measurement  technique 
can  be  simplified  or  improved  upon  by  DuMont. 


O  ALLCN  B.  DUMONT  LABORATORIia.  IHC. 


AILEN  B  DUMONT  lAPORATORIfS.  INC  PASSAIC.  NEW  JERSEY*  CABLlADDkfSS:  W  ESP  E  X  LI  N  .  NEW  Y  O  P  X 

&V. 
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MYKROY 


tf- 


Glass-Bonded 
Mica  Plastic 
High  Frequency 
Insulation  for 
INJECTION 
MOLDING 


•LhE  perfection  of  MYKROY  #51,  gloss- 
bonded  mica  ceramic  insulation,  which 
con  be  injection  molded,  and  the  processes 
developed  for  handling  it  rapidly  and 
uniformly  has  opened  a  new  field  of  appli¬ 
cations.  It  is  now  possible  to  produce 
injection  molded  plastic  ceramic  parts  of 
MYKROY  having  shrinkage  characteristics 
of  less  than  .OOV'  per  inch.  In  addition, 
ports  molded  from  MYKROY  #51  can  be 
machined  by  grinding,  drilling,  tapping 
or  cutting. 

Electrical  characteristics  of  MYKROY  are 
of  the  highest  order  and  do  not  shift  under 
any  normal  conditions  short  of  actual 
destruction  of  the  material  itself.  This,  plus 


chemical  and  physical  stability— high  re¬ 
sistance  to  oil,  gas  and  water — nresistance 
to  acute  temperature  changes — high  co¬ 
efficient  of  thermal  expansion  and  excel¬ 
lent  metal  bonding  properties,  make  it  one 
of  the  best  insulating  materials  ever  de¬ 
veloped  for  general  and  high  frequency 
applications. 

MYKROY  #51  is  already  being  molded 
into  a  large  variety  of  parts  for  use 
throughout  the  entire  Electronic  and  Elec¬ 
trical  engineering  field.  It  may  be  the 
answer  to  your  own  insulation  problems. 
So  ask  for  detailed  information.  Request 
a  copy  of  the  special  MYKROY  INJECTION 
MOLDING  BULLETIN  ff103. 


WRITE  FOR  MYKROY 
INJECTION  MOLDING 
BULLETIN  #103 
A  compr«h«nslve  manual  con¬ 
taining  comploto  working  data 
Including  mold  designing  critoria. 

MYKROY  SHEET 
BULLHIN  #102 

Contains  full  information  obout 
the  largest  size  sheet  (19%"  x 
29% ")  of  perfected  mica  ceramic 
insulation  now  available. 


MYKROY  IS  SUPPLIED  IN  SHEETS  AND  RODS 


MACHINED  OR  MOLDED  TO  SPECIFICATIONS 


made  EXCLUSIVELY  BY 


Pi  70  CLIFTON  BOUL 

M  §  Chicogo  47;  1917  NO.  ; 


EVARD  •  CLIFTON,  NEW  JERSEY 
SPRINGFIELD  AVENUE  .  .  TEL.  Albany  4310 
Export  Office:  89  Broad  Street,  New  York  4,  N.  Y. 


^^^CTRONICS  —  December  1944 


47 


The  requirements  of  a  manufacturer  of  instruments 
called  for  a  constant  speed  motor  that  had  more 
power  than  a  standard  clock  motof  previously  used, 
yet  still  fitted  the  original  space  allowed. 

Holtzcr-Cabot  designed  the  special  synchronous 
motor,  illustrated  above,  which  not  only  filled  the 
performance  and  space  requirements,  but  saved  the 
manufacturer  the  cost  of  redesigning  and  retooling 
to  take  a  larger  motor,  and  also  made  it  possible  to 
service  instruments  in  customers’  plants  which  had 
the  old  type  of  motor.  * 

The  specialized  business  of  Hoi  tzer- 
Cabot  is  the  designing  and  building 
of  special  fractional  H.  P.  motors 
to  meet  special  requirements. 


Typical  Racordar  Powarod  with  Holtzar-Cabet  Motor 


Although  today  our  entire  facilities  are  devoted  to 
building  special  motors  for  military  use,  our  motor 
development  engineers  will  gladly  discuss  your  post¬ 
war  fractional  H.  P.  motor  requirements  with  you. 


HOLTZER-CABOT 


DWition  of  Pint  Induttriol  Corporation 

Oosipnon  and  Rwlhlon  of  Sipocio/  fracHontd  HP  Motors  ondMocfriccdilpparatwf 


125  AMOEY  STWET,  50ST0N  19,  MASSACHUSETTS  •  CHICAGO.  ILUNQIS  •  NEW  YORK.  NEW  YORK  •  PHILADELPHIA.  PENNSYLVANIA 
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G-E  mycalex  is  the  answer — often  the  only  an¬ 
swer — to  difficult  electronic  insulator  require¬ 
ments.  These  features  explain  a  few  of  the  reasons: 

0  High  m^hanical  and  dielectric  strength. 

0  Low  loss  at  high  frequencies. 

0  Arc  resistance  and  heat  resistance. 

0  Easily  subjected  to  drilling,  filing,  sawing, 
grinding,  polishing. 

@  Metal  parts  can  be  inserted  or  anchored  dur¬ 
ing  the  process  of  molding. 

Yes,  General  Electric  specializes  in  producing 
fabricated  parts  as  well  as  standard  sheets,  rods, 
and  strips.  For  a  free  sample  and  detailed  in¬ 
formation  about  G-E  mycalex  naail  the  cou¬ 
pon  at  the  right. 


Tune  in  General  Electric's  "The  World  Today”  and  hear  the 
news  from  the  men  who  see  U  happen,  every  evening  except  Sunday 
at  6:45  E.W.T.  over  CBS.  On  Sunday  evening  listen  to  the 
G-E  "All  Girl  Orchestra”  at  10  E.W.T.  over  NBC. 

GENERAL  ^  ELECTRIC 


Over  21  Ysars  of  Mycalox  Cxporionco 
— Yowr  Anvranc*  of  Qvalityl 


FRIE-G-E  MYCALEX  BULLETIN 

Electronics  Department 
Gsnrral  Elbctric  Co. 

Schenectady,  N.  Y. 

Please  send  me  a  free  sample  and  my 
copy  of  the  booklet  describing  G-E 
Compression-Molded  mycalex. 


>  .  CipiiiilHlIlMiit 


I  Company 
I  Addieas  . 
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NEW  CATALO$,  DiSCRlBIMG  THE  COMPUTE  UHE  Of 


tJeeho-'" 


u-^-POTf/Vf 


GENERAL  OFFICE:  NORTHERN  BLVD.  AT  45th  ST.,  LONG  ISLAND  CITY  1,  N.  Y, 


Buf  mi  Md  m9n  Mf4f  BOMOS 


For  special  requirements 
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Jbntinuous  research  devoted  entirely  to 


oxidation  resisting  alloys — NICHROME. 


fion  of  the  World’s  fines#  resistance  alloy 


Driver 


-Harris 


CONSIDER  PEDIGREE 

where  QUALITY 

COUNTS 


. . .  that  is  the  pedigree  of  NICHROME*. 


For  lust  os  champions  are  created  through  selective 
scientific  breeding,  so  do  Driver-Harris  Engineers,*  by 
meons  of  perfected  melting,  hot  roiling  and  cold 
finishing  processes  and  exclusive  quaRly  controls, 
succeed  in  producing  the  champion  of  all  heat  and 


Although  there  are  several  excellent  Nickel  Chro¬ 
mium  combinations,  there  is  only  one  NICHROME  and 
it  is  made  only  ^  Driver-Harris. 


So  put  the  “ttamp  of  quality"  on  your  post-war 
products  by  assuring  dependable  performance  and 
longer  life  v(i^  NICHROME  and  other  D-H  resist¬ 
ance  alloys. 


Driver-Harris 

COMPANY 

HARRISON,  NEW  JERSEY 


CHICAGO  •  DETtqiT  •  CLEVEUND  •  LOS  ANGELES  •  SAN  FRANCISCO  • 


*Tndm  Maik  >m.  U.  8.  PM.  Ot.  , 


•RANCHES: 


SEAHLE 


2  RELAY  TYPES 


M 

KEYINC  RELAY 


DISTRICT  ENGINEERING  OFFICES:  ATLANTA  .  BALTIMORE  .  BOSTON  .  BUFFALO  .  CHICAGO  .  CINCINNATI  .  CLEVELAND 
DALLAS  .  DENVER  .  DETROIT  .  HARTFORD  .  INDIANAPOLIS  .  LOS  ANGELES  .  MINNEAPOLIS  .  MONTREAL 
NEW  YORK  .  PITTSBURGH  .  ST  LOUIS  .  SAN  FRANCISCO  •  SEATTLE  .  SYRACUSE  .TORONTO  .WASHINGTON 


e  is  convincing  proof  time  «  keying  relay 
does  not  have  to  be  complicated  to  be  efficient. 
In  fact,  jost  the  reverse !  Actually,  the  extreme 
reliability  with  which  Strathers«Dann  Type 
78CCA100  Relay  holds  its  adjustments  is  the  di« 
rect  result  of  its  new  simplified  and  rigid  design 
which  udliaes  an  absolute  tninimiim  of  parts. 

Originally  made  for  aircraft  use,  it  weighs 
little,  is  exceptionally  sturdy,  and  has  all  parts 
readily  accessible.  Tests  show  a  minimiim  life 
of  five  million  operations. 

The  Relay  has  seven  poles,  including  one 
double>throw  pole  which  handles  high>voltage 
radio  frequency  currents  by  means  of  a  vacuum 
switch.  All  high-voltage  parts  are  rounded  to 
reduce  corona. 

Write  for  complete  details,  or  get  in  touch 
with  your  nearer  Struthers-Dunn  Field  Engineer. 


STRUTNIRS-DUNN,  Inc. 

1«X1  ABCN  tTBIIT  PNILADILPNIA  1,  PA. 


'M 


'M 


®  COM  HECTORS 


SFECIFICATIOMS 


^  In  the  speciolised^high-lre^ency  opplications  that  de^ 


mising  quality,  DICO  ca*axial  connectors  have  demonstrot 
to  satisfy  evmry  operating  reqniremeni. 


D I  AMO  no 

msTRUMcnr  co. 

north  AVENUT  •  WAKEFIELD  MASSACHUSETTS 


These  performance-proved 
connectors  con  now  be  sup 
plied  for  addition^  services 
in  the  electronic  industry.  A 
catolog  will  be  furnished  on 
request;  please  specify  the 
tyi>e  numbers  of  the  connec¬ 
tors  you  require. 


i  f’'* 


M 


<s:/ 


GI  date 
for  a  phone  call 

lli 


1^ 


.^THE  ROLA  COMPANY,  INC. 

2530  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


This  G.  I.  has  an  important  call  to  make 
the  instant  he  lands.  For  the  next  steps . 
in  the  gigantic  Air  Invasion  depend 
upon  the  reports  he  sends  back  ...  on 
the  instructions  he  receives. 

Fortunately,  there  will  be  no  crowded 
circuits,  no  "busy”  signals,  for  on  his 
back  this  airborne  trooper  carries  the 
means  for  instant,  dependable  Com¬ 
munications.  In  its  way,  it’s  as  expertly 
designed  and  built  as  the  huge  Trans¬ 
port  he  has  just  left,  as  the  automatic 
rifle  that  he  clutches  .  .  .  designed  and 
built  to  give  the  greatest  possible  meas¬ 
ure  of  service  under  the  most  punishing 
conditions.  It’s  one  of  the  reasons  why 
our  troops  are  called  the  most  superbly 
equipped  in  the  world. 

★  ★  ★ 

Supplying  Transformers,  Coils,  Headsets 
and  special  Electronic  parts  is  the  wartime 
job  of  Koltk,  pioneer  manufacturer  of 
Sound-Reproducing  Equipment. 


ROLA 


MAKERS  OF  THE  FINEST  IN  SOUND  REPRODUCING  AND  ELECTRONIC  EQUIPMENT 
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Made  in  One  Piece... 


by  STUPAKOFF 


lo  overcome  the  weaknesses  in  coil 
forms  with  cemented  bases,  Stupakoff  manu- 
faauring  ingenuity  has  produced  single  unit 
construction.  The  illustrated  result  —  coil 
forms  of  optimum  mechanical  and  insulating 
properties  that  assure  permanence  and  sta¬ 
bility  in  operation.  Vibration  and  humidity 
tests  prove  the  superiority  of  this  design. 

Backed  by  two  generations  of  experi¬ 


ence  in  the  manufacture  of  precision  ceramics, 
Stupakoff  engineers  will  give  dependable 
assistance  in  developing  insulators  for  your 
electronic  apparatus.  An  inquiry  will  put  our 
technical  knowledge  and  manufacturing  fa¬ 
cilities  at  your  disposal. 


Do  More  Thon  Before— Boy  EXTRA  War  Bonds 


STUPAKOFF  CERAMIC  AND  MANUFAaURING  CO.,  LATROBE,  PA 

(jtAontlcl.  2j^t4Uxonic±. 


TOR  GREAT 
AcmrvcMCNr 


E^fcCTRONICS  — Decemfw  1944 


S* 


DKimlwr  — EieCTItONICS 


Division  of  GIOBE-UNION 


Cen^alabs 


Centralab 

engineers  with  their 

wealth  of  experience, 
through  which  millions  of 
Ceramic  parts  have  been 
produced,  have  learned 
the  HOW  and  WHY. 

Each  shape  and  form  has  its 
own  peculiarities. Theslide 
rule  and  the  logarithmic 
'  scale  do  not  always  apply. 

Sometimes  TRIAL  and  ERROR  pro¬ 
duce  the  final  result.  One  of  the 
many  intangibles  in  the  manufacture 
of  ceramics  is  the  sizeable  shrink 
factor.  Witness  these  unretouched 
illustrations. 

Some  things  can  and  some  things 
CANNOT  be  done.  So  before  you 
make  a  complete  design  in  which 
ceramics  are  a  vital  part,  we  welcome 
your  consultation  with 
our  engineers. 


Before  firing 


After  firing 


AGAIN! 


First  exclusive  manufacturer  of 
short  wave  radio  equipment  to 
receive  the  coveted  Army-Navy 

E”  Award  for  the  fifth  time _ 

the  result  of  the  continued  and 
untiring  devotion  to  duty  of  the 
company’s  1,500  employees. 

hallicraftGrs 

TN[  N A L L I C R * F T E t S  COMPANY  •  MANN. 
FACTHRERS  OF  RADIO  AND  ELECTRONIC 
CNICACO  It.  U.  S.  A. 


D«jia*fi  •!  IA«  tmm9¥t  SCR-99P 


Electronics  — OecomSer  1944 


59 


i 


1  HiiniHiiiinr 


imMnh 


.m 


■  IS.  «•  >4  PAT.  orp. 


For  By-passing  R.  F.  Currents  to  Ground 


Erie  Feed>Thra  Ceramicons  are  sturdy,  compact 
ceramic  condensers  of  a  rigid  mounting  type  that 
perform  the  function  of  bypassing  high  frequency 
currents  to  ground  through  the  shortest  possible 
path.  As  shown  in  the  illustration,  lead  inductance 
is  practically  eliminated,  since  the  lead  inductance 
is  in  series  with  the  transmission  line  rather  than 
in  the  path  to  ground 

Small  sizes  are  made  in  ca- 
pacities  from  5  MMF through  No. 

75  MMF,  and  can  be  furnish-  357-000  (Hoohtd  wirs) 

ed  with  either  straight  or  SP-IU  (Straiiht  «ir<) 

hooked  wire  leads,  as  shown  SN-110 
in  the  photograph  above.  The  _ 


larger  size,  Erie  Part  No.  SP-1 10  represents  a  special 
design  for  high  voltage  applications,  and  is  avail¬ 
able  in  capacities  from  20  MMF  through  250  MMF. 

The  Erie  Resistor  Engineering  Department 
is  working  on  several  other  developments  for  high 
voltage,  high  altitude,  and  pressurized  feed- 
thru  applications. 


ENIC  PART 

Mm.  CAP. 

MAX  CAP. 

WORKmC  VOLTAGE  0.  C. 

OVERALL 

No. 

MMF 

MMF 

SEA  LEVEL 

50.000  n. 

LENGTH 

357-000  (Hoohtil  wirs) 

5 

75 

1.000 

375 

1-1/16" 

SP-1 14  (StraiiRt  wirO) 

5 

75 

1.000 

375 

1-1/4" 

SP-110 

20 

250 

2.000 

750 

2-3/8" 

S('CCtn04UCA 

ERIE  RESISTOR  CORP.,  ERIE,  PA. 

LONDON.  ENGLAND  •  •  TORONTO,  CANADA 
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•  jyCMBjynr  IISB . . .  ddungnad  t»  6vM«CMn« 


aJtitadci  •MmIs  to  70,0M  iMf. 


#  OROmiD  iERVlCI*..aHl«r  tarofrfcal  «on 


dliloiu— iirhwre  famgas  growfli  Is  smiom 


#  Impssvlolu  lo  dost,  dirt,  oU  and  odter 


foreign  snbstaneos  nomudlY  responsible 


for  over  90%  of  all  relay  teilares. 


•  Can  be  snbiecled  to  100%  hnmidity 


eontinnonsly 


ALLIED  CONTROL  COMPANY,  INC 


2  EAST  END  AVE.  (AT  79th  smtej)  NEW  YORK,  N.Y 


El 


(  \K/^  going  to  tell  you 

\^  ^  ’  ^®''®  mode, 

what  it  does, ’or  what  it  is  for.  The 

\\  important  thing  about  it  to  you  as  a 

^  \ 

user  of  radio  oscillator,  amplifier  and 
rectifier  tubes  for  communications  or  induction  heating 
is  that  it  represents  the  toughest  assignment  ever  handed 
the  electronic  tube  industry;  and  that  qf  all  tube  makers 
only  Machlett  perfected  the  techniques  that  made  the 
tube  possible. 

The  tube  Is  sealed-off,  vacuum-tight,  and  operates  at 
2,000,000  volts,  direct  current.  These  and  other  difficult 
conditions  were  essential  to  assure  high  and  constant 
power,  reduction  of  heat,  and  precise  focusing  of  the 
electron  beam. 

Electrical  and  mechanical  problems  presented  by  the 
tube  were  so  severe  that  some  scientists  doubted  they 
could  be  solved,  but  Machlett,  drawing  upon  its  long 
experience,  met  every  requirement  In  a  little  over  two 
years. 

This  is  significant  to  you  because  every  electronic  tube, 
whether  it  produces  X-rays,  or  radio  waves,  or  is  a 
rectifier,  depends  for  its  success  in  your  service  upon 
correct  design,  proper  vacuum,  adequate  insulation,  and 
precision-made  parts,  to  assure  precise  control  of  the 
electrons  that  make  any  such  tube  function. 

The  perfection  of  this  2, 000,000- volt  direct-current  tube 
is  the  best  proof  we  can  offer  of  the  value  of  the  Machlett 
skills  that  go  into  the  design  and  manufacture  of  every 
tube  bearing  our  name  .  . .  Machlett  Laboratories,  Inc., 
Springdale,  Connecticut. 


RADIO  ITS  46  YEARS 


AY  TUBE  EXPERIENCE 


INICS 
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REMLER 


SINCE  1918 

•flnnouncin^  &  (?ommunica.tion  ^(^uijQmcnt 


70  Types 

PLUGS  &  CONNECTORS 

Sl&NAL  CORPS  •  NAVY  SPECmCATIONS 


Remler  is  equipped  for  the  mass  production  of  many  types  of 
radio  and  electronic  devices  from  humble  plugs  and  connectors 
to  complete  sound  amplifying  and  transmitting  systems.  In¬ 


genious  production  techniques  contribute  to  Remler  precision; 


reduce  costs  and  speed  up  deliveries.  •  The  Axis  is  on  the  run 


and  final  Victory  is  in  sight.  Let  us  help  you  finish  the  job. 


Wire  or  telephone  if  we  can  be  of  assistance 

REMLER  COMPANY,  LTD.  •  2101  Bryant  St.  •  San  Francisco,  10,  CaliL 


No.  212938-1 


Other  Designs  to  Order 
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VlMOStala  and  potantiomatan  in  wira-wound 
and  oempotftlon-alainaat  typaa. 

Mdgal  controls  In  both  typ«.  Matcbad  in 
aalanal  appaaranea  and  diinanslons.  Ma- 
cfaanically  Intarchangaabla. 

I«rga  Bna  of  controls  lor  sound  systams— con- 
stant-tanpadanca  attanuators.  L-pads.  T-pads- 
fadars.  ndxars,  ate. 

SS  and  SO  watt  powar  rhaostats  fsaturlng 
asoaptloaally  ruggad  construetton. 

Oraanoluas— wall-known  graan-colorad  ca- 
nwnt-coatad  powar  raststors  found  In  tha 
■nal  mggad  assambDas. 

Olaaohms  glasi-l.ignlatad  ndnlatura  powar 
saafslsrs  and  baatars.  Also  flaxibla  raststors. 


it  Biiilders  of  rugged  equipment  specify  clarostat  for  resistors,  con¬ 
trols  and  resistance  devices  as  a  matter  of  habit.  They  know  through 
years  of  experience,  especially  out  in  the  field,  that  Clarostat  compo¬ 
nents  are  tough— electrically  and  mechanically.  Thus  one  more  clause 
in  their  insurance  against  equipment  failure  and  excessive  servicing,  i 
Today  Clarostat  is  engaged  100%  in  the  war  effort  The  facilities  of 
two  large  plants  are  concentrated  exclusively  on  meeting  the  require¬ 
ments  of  oiu:  armed  forces.  But  after  Victory  is  won  "The  House  of 
Resistors"  will  convert  back  to  civilian  production,  with  vastly  in¬ 
creased  capacity  to  meet  the  needs  of  its  many  business  friends. 

•k  Submit  Your  Probloms  . . . 

It  they  have  to  do  with  resistance  —  fixed,  adjiistable.  or  ballast  - 
send  them  along  for  our  engineering  collaboration.  We  either  have 
standard  items  in  our  extensive  line  that  will  meet  your  needs. 


or  we  can  build  special  units  Let  us  quote  on  your  requirements 


CLAROSTAT  MFC.  CO.,  Inc.  •  285-7  N  6th  St..  Brooklyn,  N.Y. 
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Ible  cable.  '  '  ^ ‘ 

This  makes  it  easy  to  exanline  smaH  obftcts 
at  close  range.  Provision  is  mcf^to  oporol*  the 
unit  from  external  tuning  fork  or'crystol  stand* 
ards,  where  extreme  accuracy  i^oguired.  The 
motion  of  objects  moving  at  irregiHlr  speeds 
may  also  be  "stopped”  with  the  MoKSeM200. 


An. accurate  repetitive  pulfft  sole  u  fltotoined. 
as^e  pulses  are  denY^4te*tt  o  si^e  oudio 
oscillator. 


Not  only  does  this  efiftliiale  flli  rtfceessty  for 
constont  readjustment  of  the  lepelTlive  rate, 
but  it  also  insures  clearly  defteed  imoges  at 
high  speeds. 

For  greater  flexibility,  a  light  intensity  con¬ 
trol  switch  is  also  provided.  This  enables  the 
user  to  control  both  the  intensity  of  the  light 
and  the  duration  of  the  pulse  length. 


SEND  FOR  COMin.ETE  OESCRIRTIVE  SUUITIN 

COMMUNICATION  MEASUREMENTS  LABORATORY 

Rotobridge  •  Electronic  Generafdfii:  •  Rowor  Supply  Unifa 
120  GREENWICH  STREET  NEW  VOKK  6,  W.Y. 
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THI 20  KW  RADIO  FRIQUINCY  GINIRATOR 

— This  unit  has  a  nominal  output  of  20  kw. 
Controls  smd  meters  are  conveniently 
tocatad  on  the  front  panel.  The  circuit 
breakers  amd  relays  are  readily  accessible 
thrm^^  the  lower 'door  on  left  side  of  the 
cubadK  Dead-front  construction  provides 
HDBomumprotection  tooperating  personnel. 


IMlf  JEICKAAIO  FRIOUINCY  GINIRATOR 

has  a  nomirad  output  of  2  kw 
gil^lH|ed|jgAed  bo  taiia  a  minimum  of  floor 
provide  high 
VHsriEing  surfstce 


WESTINGHOUSE  RADIO  FREQUENCY  GENIRAT' 


Heating  operations  that  used  to  take  hours  are 
now  completed  in  minutes  through  radio  fre¬ 
quency  heating — with  a  uniformity  and  control 
of  the  heat  never  possible  before.  In  fact,  with 
Westinghouse  Radio  Frequency  Heating,  tricky 
heating  jobs  become  simple  “push  button”  jobs. 

Westinghouse  Radio  Frequency  Generators 
are  designed  for  both  induction  and  dielectric 
applications.  With  all  the  generating  equipment 
and  controls  housed  in  a  single  cabinet,  these 
units  are  literally  radio  frequency  heating  “pack¬ 
ages”  . . .  simple  to  install  and  maintain.  They  are 
completely  shielded  to  minimize .  radio  com¬ 
munication  interference. 


The  “long  life”  air-cooled  tubes  eliminate  all 
the  complications  of  water  cooling.  Air  cooling 
also  provides  an  extra  margin  of  safety  against 
failure  and,  at  the  same  time,  effects  worth-while 
savings  in  both  space  and  initial  cost. 

Westinghouse  offers  industry  a  complete  line 
of  radio  frequency  generators — 1,  2,  5,  10,  20,  50, 
100  and  200  kw  units.  The  heavy-duty  50,  100 
and  200  kw  units  employ  water-cooled  tubes. 
Ask  for  Bulletin  B-3261-A  and  Descriptive  Data 
85-800.  Or,  for  assistance  on  some  specific  appli¬ 
cation,  send  us  an  outline  of  your  problem. 
Westinghouse  Electric  &  Mfg.  Co.,  P.O.  Box  868, 
Pittsburgh  30,  Pa.  J-O8074 
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•Ase  Of 


PLASTICS 


laductioa  Heating  ( 


INDUSTRY 


APPLICATIONS  AND  BENEFITS  OF 
WESTINGHOUSE  RADIO  FREQUENCY  HEATING 


Pie/ecfr/c  Heating  ( 


for  nonconducting 
materials 


TEXTILE 


•  TwiU  totting  •  Drying 
•  Bon4(iig  H««rm«|ikitHc  fabrics 


■•iacts  Rsduced  because  there  is  no  surface 
charring — checking  or  drying  out. 


INDUSTRY  ^ 
METAL  WORKING 


Drying  •  Thawing  *  DahydroNng  • 
SlailisHan 


HBMiig  •  Tluiwifig  •  CwlRg 


Cuts  Equipmant  Costs  — Westinghouse  Radio 
Frequency  Generators  can  be  used  jvith  most 
existing  hot  or  cold  plate  presses.  Fewer  jigs, 
dies  and  presses  needed. 

Chdckly  Installod  on  most  existing  presses, 
..using  either  hot  or  cold  plates. 


ANNEAUNO  contact  plugs  o  welded  sec¬ 
tions  o  tire  rims. 

BRAZING  spark  plugs  •  aviation  gas 
line  fittings  o  spiral  tubing  o  tool  tips 
o  piston  assemblies. 

HARDENING  spindles  o  cams  o  punches  o 
ball  bearing  races  o  gears  o  sprockets  • 
drill  chuck  bodies  o  camshafts  o  man¬ 
drels  and  many  others. 


for  ferrous  and 
nonferrous  metals 


BENEFITS 


Saves  Production  Time  through  instantaneous, 
accurately  controlled  heat. 

Shnplor — Low-Cost  Designs  are  made  possible 
by  multiple  soldering  and  brazing  operations. 

Precise  Control  of  depth  of  hardening  leaves 
strength  and  machinability  of  interior  un¬ 
affected. 


) 

WOOD 


SINTERING— SOLDERING 
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APPLICATIONS 


HooNng  ptoferms  o  Curing  o  Sotting  • 
Processing  of  shoots 


GENERAL  BENEFITS 


Boosts  Production  by  creating  the  proper  heat 
instantly  throughout  the  material.  No  waiting 
for  heat  to  "soak  in”  from  the  surface. 


Uniform  Hooting  throughout  the  material  pre¬ 
vents  damaging  internal  stresses  caused  by 
uneven  heating. 


Hooting  Can  Bo  localizod  externally  or 
ternally  for  specific  applications. 


Plywood  O  Compreg  O  Setting  glue  # 
Pressure  bonding  O  Drying 


Automatic  Oporotion  permits  use  of  unskilled 
operators. 


locked  door 


•  Forbidden  to  all  but  top  government  officials  and  Utah  technicians 
this  room  has  been  the  birthplace  of  many  miracles  in  radio,  elearonics  and  electricity, 
Behind  this  locked  door,  Utah  has  developed  vital  equipment .  . .  earmarked 
for  military  needs.  Inevitably,  the  wartime  secrets  of  this  forbidden  room  will 
be  adapted  to  commercial  and  consumer  needs  .  .  .  assume  a 
prominent  role  in  the  pursuits  of  peace. 


Ev«ry  fRfkl*  for  Itio  Irodo,  by 

tltab,  i«  Hioroogbly  fo«lod  oiMl  opprovod 


Kmyd  to  '^tomorrow’s”  domands:  Utah  transformers^ 
spoakort,  vihrators,  vitreous  enamel  resistors,  wirewound  controls, 
plugs,  jacks,  switches  and  small  electric  motors. 


III44*  ifodio  Products  Compony,  857  Orloons  Stroot/  Chicago  10#  III 
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High  Temperature 


Silicone  Insulation 


Dow  Coming  Silicone  Varnishes  are  help¬ 
ing  to  create  a  new  class  of  insulation- 
insulation  in  a  class  by  itself  for  thermal 
stability,  moisture  resistance  and  freedom 
from  overload  failures. 


DOW  CORNING  993  .  .  ovcdloble  in  commercial  quantities, 

is  a  heat  curing,  high  temperature  stable  silicone  varnish 
for  impregnating  motor  stators,  transformer  coils  and  other 
electrical  equipment:  for  varnishing  Fiberglos  or  asbestos 
served  magnetic  wire;  for  varnishing  Fiberglos  and  asbestos 
electrical  insulating  cloths,  tapes,  tying  cords  and  sleeving  ; 
for  bonding  Fiberglos  and  mica  combinations. 


They  provide  the  bonding  and  filling  me¬ 
dium  for  inorganic,  or  Class  B,  spacing 
materials  such  as  Fiberglas,  asbestos  and 
mica,  which  ore  natural  components  of  this 
type  of  insulation. 

Dow  Corning  Varnishes  open  the  avenue 
to  the  designing  of  more  compact,  lighter 
weight  electrical  equipment. 
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Special  Electrical  Qualities 
Thermal  Endurance 
Hermetic  Sealing 
Mechanical  Strength 
Corrosion  Resistance 
Precision 
Permanence 
^Metallizing 
Dimensional  Stability 

High  dielectric  strength  —  high  resis¬ 
tivity — low  power  factor — wide  range 
of  dielectric  constants — low  losses  at 
all  frequencies. 

Permanent  hermetic  seals  against  gas, 
oil  and  wafer  readily  made  between 
glass  and  metal  or  glass  and  glass. 

Commercial  fabrication  to  the  fine 
tolerances  of  precision  metal  working. 

Coming’s  metallizing  process  produces 
metal  areas  of  fixed  and  exact  specifi¬ 
cation,  permanently  bonded  to  glass. 


AS  YOU  plan  post-war  electronic  products,  give  a  thought  to  versatile  glass.  We 
really  mean  glasses,  for  Coming  has,  at  its  fingertips,  25,000  different  glass  formulae 
from  which  to  select  those  especially  suited  to  your  electronic  applications.  Let  us  show 
what  glass  can  do  for  you.  We  may  already  have  a  solution  —  or  Coming  Research  can 
find  the  answer  for  you.  Address  Electronic  Sales  Dept.,  E-12,  Bulb  and  Tubing  Division. 
Coming  Glass  Works,  Coming,  New  York. 


“PYREX”  and  “CORNING”  are  registered  trade-marks  of  Coming  Glass  fForks 
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QUARTZ  CRYSTALS, 


This  is  a  message  from  Bliley  to  the 


thoiisandsof  amateurs  and  professional 


engineers  who  are  now  serving  their 


country  in  the  armed  forces  and  in  es¬ 
sential  communications  industries. 
Bliley  "grew  up”  with  them. 

To  these  men  and  women  Bliley 
crystals  are  still  a  familiar  sight.  They 
recognize,  in  the  military  crystal  units 
used  by  our  armed  forces,  many  basic 
features  that  were  pioneered  by  Bliley  • 
for  application  in  peacetime  services. 

When  tremendous  production  was 
demanded  by  our  armed  forces  Bliley 
had  the  engineering  background,  the 
facilities  and  the  production  experience 
to  provide  a  firm  corner  stone  on  which 
this  volume  production  of  radio  crys¬ 


tals  was  successfully  built.  And,  from 
the  ranks  of  talented  amateurs  and 


radio  engineers  came  a  host  of  long 


time  mends  who  knew  exactly  how  to 
use  them. 

But  research  has  continued  and  ex¬ 
perience  has  grown  mightily  to  meet 
the  challenge  of  war  requirements. 
With  the  return  to  peace,  and  relaxa¬ 
tion  of  wartime  restrictions  there  will 
be  better  Bliley  crystals  for  every  ap¬ 
plication  as  well  as  new  Bliley  crystals 
for  the  new  services  that  loom  on  the 
horizon.  That’s  a  promise. 

To  our  old  friends,  amateurs  and 
professional  engineers,  we  say,  "Look 
to  Bliley  for  crystal  units  that  embody 
every  advanced  development.” 


Do  moro  than  boforo . . . 
buy  axtra  War  Bonds 


BLILEY  ELECTRIC  COMPANY 

lUNION  STATION  BUILDING  •  ERIE,  PENN. 
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I  In-  Morlii  of  t(iiiiurr«>>t  »*ill  br  »»ne  «if  t'lerirotjio. 
l’i<»nr*T  l«>r  ibiil  vn»rl«l  lli«‘  «'l«“<  lr(niir  enuineer. 
Hi.  >ilall>  itiiporliiiil  elTorl  (itiriiit'  tliis  vturlini<‘ 
lifriixl  ill  (ic\i.iii;:  i-lei'li'iiiiir  (*<|iiipinfnt  i.  Iielpinc 
lo  llif  'roiiiurr«»t,  hf  ib-MiU-.  hi. 

>piM'iali/e«l  .cii-iililii'  know to  aid  p»‘art*linn- 
iiidii.trii-..  * 

Ka>lheoii  i.  appl\iii»  it.  cllort.  to  the  devflop- 
im*nt  oi  ad\aiM'<'d  elei'troiiir  tubi-»  ami  4M|iiipiiu‘nt 
for  tlio  war  idlort.  \\  li«“n  tlial  jidi  i.  done,  tin*  kiiiml- 
i'd;:c  that  iia.'bet'ii  gained  «ill  !>»■  ii.fii  to  ttiiarantci' 
that  po.t-\.ar  railio,  iiidii. trial  and  ^‘ll•^•t^oni«•  <‘ipiip- 
mi’iit  iiianii I artiircr.  \»ill  r«‘c»‘i\«'  Ka>tlu’oii  titbf. 
and  «‘i|iiipnicnt  t*itli  e\en  Kr**att*r  “I’ln.-I'  xtra" 
quality . 


Aword«4  All  Four  OivUloos  of  Roythoon  for  Continuod  Excollonco  io  Froductloo 


Raytheon  Manufacturing  Company 
ELECTRICAL  EQUIPMENT  DIVISION 
^  Waltham  and  Newton,  Massochutetts 

Devoted  to  research  and  the  manufacture  of  tubes  and  equipment  for  the  new  era  of  electronics 


RAYTHEON 
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DOES  SUPPORT 
mm  GROWTH 


u  ^ 


Miotegroph  illwttratM  Ht*  IwAgiM  r««ltla«c*  ol  Harv*l  A12>C  Cmot 


•okiitfl  Vomish.  Net*  lliaf  Ih*  funqin  cultwr*  of  diactomkiM  globoMim 
has  net  ottadMd  th*  sompU  Mm  ol  Harvol  613*C 


Fungus  Resisting  Properties  protect  eiectricni  equipment 


Electrical  equipment  operating  in 
humid  atmospheres,  must  be  pro> 
tected  against  the  constant  danger  of 
the  attack  of  fungus  growth.  This 
growth  has'  been  known  to  cause 
failure  of  electrical  units  within  a  few 
hours  under  severe  tropic  conditions. 

Guard  against  fungus  growth !  Use 
Harvel  612-C  Baking  Varnish  on 
component  parts  of  radios,  instru¬ 


ments,  generators,  motors,  etc.,  and 
increase  the  life  and  usefulness  of 
your  equipment  many-fold. 

Where  an  air-drying  fungus  re¬ 
sistant  varnish  is  desired,  use  Harvel 
902-F.  This  type,  like  Harvel  612-C, 
does  not  support  fungus  growth. 

Complete  information  and  a  free 
sample'  of  either  Harvel  612-C  or 
Harvel  902-F  varnish  will  be  sent 
on  request. 


*Toitod  by  fho  U.  S.  Toathg  labtatorios  im  accordaiHo  wkh  A.  S.  T.  M.  SpooHloathm  0M4^2T. 


|lRVINGTON  VARNISH  &  INSULATOR  COMPANY 

IRVINGTON  n,  NEW  JERSEY,  U.  S.  A.  | 

Plant*  at  Irvington,  N.  J.  i  Hamilton,  Ontario,  Canada  *  Reprcientative*  in  30  principal  citie* 


EXTRUDED  PLASTIC  TUBING  •  PIBRON  PLASTIC  TAPE  •  CARDOLITE  RESINS 
HARVEL  B  IRVINGTON  INSULATING  VARNISHES  •  VARNISHED  INSULATIONS 

r6  DMitibor  I W  — ELECTRONICS 


1 


PLUS 


Unbreakable  Plugs 


Unbreakable  Connectors 


Unbreakable  Strain  Relief 


•  ••that’s  why  it’s  running  today 


For  years  an  identifying  mark  of  a  good  tool  or  appliance, 

Belden  electrical  cords  and  plugs  are  an  accepted  token  that 
the  manufacturer  was  careful  in  the  selection  of  the  parts  for 
his  equipment.  Belden  cords  have  promised  freedom  from 
Corditis,  and  in  this  present  emei^ency  have  proved  their 
value  on  a  host  of  electrical  tools  and  appliances -that  are 
still  ^ving  good  service.  ^  ‘ 

After  the  war,  customers  will  again  look  for  nationally  ad- 
ertised  Belden  cords  and  plugs  as  a  guide  in  purchasing 
lectrical  equipment.  Take  advantage  of  the  plus  value  of 
Belden  product  .when  designing  your  postwar  products; 
specify  Belden  Corditis-free  cords.  *  J 

BELDEN  MANUFACTURING  COMPANY  ' 
4625  W.  Van  Buren  Street,  Chicago  44,  Illinois 


Belden 


•V.VV  _ 

CORDS 
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You’ll  want  to  sec  for  yourself  the  cleaner 
cutting,  non-fraying  and  non-stiffening  features 
of  the  sleeving  that  simplifies  assembly,  lasts 
longer  and  cuts  repair  costs.  BH  Extra  Flexible 
Fiberglas  Sleeving  is  available  in  all  standard 
colors.  Sizes  from  No.  20  to  inclusive.  Write 
for  your  samples  today  and  compare! 


flSSEMBLERS  and  electricians  don’t  have  to 
be  contortionists  when  working  with  non-fraying 
BH  Extra  Flexible  Fiberglas  Sleeving.  Remark¬ 
ably  resistant  to  stiffening,  this  always  supple 
insulation  won’t  crack  or  rot  with  age.  Whether 
in  tough,  active  service  or  dead  storage,  it  re¬ 
mains  “fresh”  and  easy  to  work,  retaining  its 
full  insulating  efficiency  indefinitely. 

This  special-processed  sleeving  won’t  b\im  and 
is  non-crystallizing  at  low  temperature.  It  offers 
all  the  natiiral  advantages  of  Fiberglas — high 
dielectric  and  tensile  strength — chemical  and 
moisture  resistance — and  many  more — in  addi¬ 
tion  to  its  own  imusual  properties. 


BH  SPECIAL  TREATED  FIBERGLAS  SLEEVING 
FLEXIBLE  AS  STRING! 

Here’s  another  high  quality  BH  Fiberglas  Sleev¬ 
ing.  Due  to  the  BH  exclusive  process  no  saturant 
is  used,  yet  it  will  not  fray  out  when  cut  and  will 
withstand  heat  up  to  1200‘1*'.  Made  in  natural 
color  only-r-all  standard  sizes.  Test  it  and  try  it! 
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Everyone  interMt»d  in  Um  reproduction  of  sound  —  snqinser,  twenty-eight  drawings  and  tables.  More  than  a  score  of  questions 
tradesman,  instructor,  student  or  layman  —  should  own  these  are  described,  illustrated  and  solved,  including  a  comprehensive 
four  Monographs.  Published  by  the  Jensen  Technical  Service  Depart-  sound  system  for  a  military  installation, 
raent  in  the  interest  of  improved  sound  reproduction,  they  are  the  . 

first  four  numbers  of  a  series.  Up-to-date  in  factual  information,  re-  MOWOGRAPH  No*  3(  "Frequency  Range  in  Music  Repro- 

plete  with  useful  charts,  graphs  and  tables,  they  supply  a  world  of  duclion."  What  frequency  range  is  needed  for  high  fidelity  repro¬ 
data.  heretofore  unobtainable,  to  guide  in  the  sdlection,  installation  duction?  What  ore  the  maximum,  useful  audio  frequency  ranges 

and  operation  of  loud  speakers.  You  will  want  not  only  these  tour  under  actual  listening  conditions?  What  ore  the  practical  limitations 

numbers  but  the  rest  of  the  series  as  announced  from  time  to  time.  ^9^  fidelity  reproduction  even  if  perfect  transmission,  reception 

^  and  reproduction  were  possible?  How  much  change  in  high  frequency 

MONOGRAPH  No.  It  "Loud  Speaker  Frequency-Response  cut-off  is  required  to  be  Just  noticeable  to  the  listener?  All  these 

Measurements."  Deals  with  one  of  the  moil  interesting  and  oontro-  and  many  more  questions  are  oiuwered  in  thi«  Jensen  Monograph, 

versial  subjects  in  the  field  of  acoustics.  Discusses,  umong  other^ 

topics,  frequency  response  of  the  human  ear,  the  influence  of  en^i-  MONOGRAPH  No.  4t  "The  Effective  Reproduction  of  Speech." 

ronment  on  frequency  response,  the  practical  aspects  of  frequency-  Explains  why  faithful  speech  reproduction  requires  a  frequency 

response  measurements.  Amply  ''illustrated  with  charts  and  graphs.  b«ind  almost  as  wide  os  for  music,  while  amplified  speech  for 

strictly  communication  purposes  may  be  reproduced  satisfactorily 
MONOGRAPH  No.  2r  'Impedance  Matching  and  Power  Dis-  ^  within  a  narrower  band  because  in  this  cose  the  principal  emphasis 
tributioa."  Discusses  such  subjects  os  multiple  spec^r  connectioa, '  is  on  such  things  as  articulation,  loudness,  masking,  and  power 
volume  crmtrol,  design  t>l  efficient  transmission  linee,  and  convertor.  requirements.  Presents  useful  conclusions  and  practical  information 

of  volume  levels  to  power  and  voltage.  The  t^t  is  supported  by  for  everyone  interested  in  speech  reproducticm. 

Get  any  or  all  oi  these  Monographs  today  from  your  Jensen  i<^ 

/  ^  her  or  dealer.  Fill  in  the  coupon  and  tend  with  it  2Sc  for  each 

copy  desired,  or  clip  a  dollar  bill  to  the  coupon  and  get  oil  four. 


RADIO  MANUFACTURING  COMPANY 

6607  South  Laramie  Avenue,  Chicago  3S,  Illinois 
Send  me: 

□  Loud  Speaker  Frequency-Response  Measurements 
Impedance  Matching  and  Power  Distribution 
Q  Frequency  Range  in  Music  Reproduction 
Q  The  Effective  Reproduction  of  Speech 
(Check  one  or  more.  Send  25c  for  each  book  ordered.) 


FREE  to  men  in  the  Armed  Services,  and  to 
Libraries. 
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Detroif  2,  Mich. 


Dfmb0r  1944 


IT’S  A  STANDARD  PRODUCT 


MOLDING  SERVICE 

Through  years  of  experience,  the 
Standard  Products  Co.  has  acquired  a 
wealth  of  knowledge  in  the  art  of 
molding  plastics.  Standard  offers  com¬ 
plete  molding  service’. 

Standard’s  molding  equipment  is 
capable  of  producing  items  of  phenolic 
cellulose-acetate,  butyrate,  polystyrene, 
elhocel  and  other  plastic  and  thermo¬ 
plastic  materials.  These  facilities  assure 
perfection  in  the  molding  job. 

The  Standard  Products  Co.,  with  its 
great  resources,  can  do  your  job  quickly 
and  effectively  at  moderate  cost.  Let  us 
have  the  necessary  data  and  our  engi¬ 
neers  will  submit  designs  and  proposal. 


-  electronics 


•he  standard  products 


505  Boulevard  Bldg. 


"" -r:  r. 

5.  Grand  Blvd. 


PROFITS  Lie  Where  the  Public 


's  Heart  Is 


War,  Love  and  Television  share  top  honors  in  the 
talk  of  today.  And  you  have  the  assurance  of 
DuMont— acknowledged  leader  in  Television— that 
public  expectations  will  not  be  disappointed.  A  vast 
improvement  over  present-day  video  telecasting  ^d 
reception  waits  only  on  the  release  of  materials. 
DuMont’s  own  contributions  to  this  advancement 
are  fascinating  and  impressive ! 

War  halted  Television  expansion  but  not  DuMont 
research.  Just  as  DuMont’s  refinement  and  mass  pro¬ 
duction  of  the  cathode-ray  tube  (the  heart  of  a 
Television  set)  made  Television  commercially  pos¬ 
sible...  so  has  the  groundwork  for  early  postwar 
profits  in  this  great  new  industry  been  laid  by 
DuMont  pioneering  in  low-cost  station  design,  con¬ 
struction,  operation  and  programming. 


DuMont  designed  and  custom-built  3  of  the  9 
Television  stations  providing  service  today.  At  Sta¬ 
tion  WABD,  New  York,  DuMont  has  kept  ’’live 
talent”  shows  on  the  air  steadily  since  1940.  DuMont 
collaboration  with  national  advertisers  has  devel¬ 
oped  interesting  and  unusual  conunercial  techniques. 
A  complete  pattern  has  been  set  for  profitable 
station  design  and  management ...  a  pattern  that 
is  available  to  prospective  station  owners.  NOW 
...is  the  "ground  floor”  era  of  this  great  new 
mass  sales  medium! 


A  copy  of  "Planning  Yottr  T elet  ision  Station’’  is  yours  for 
the  asking.  This  booklet  outlines  equipment  requirements 
for  a  complete,  low-cost  telecast  operation . . .  and  suggests 
plans  for  expediting  postwar  delivery  of  equipment  and 
training  of  personnel. 


1944.  AB—  I.  OwMoirt  lobofotorl 


ALLEN  B.  DuMONT  LABORATORIES.  INC.,  QENERAL  OFFICES  AND  PLANT.  2  MAIN  AVENUE.  PASSAIC.  N.  J. 
TELEVISION  STUDIOS  AND  STATION  WABD.  515  MADISON  AVENUE.  NEW  YORK  22.  NEW  YORK 
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Here  s  Only  Half  of  It 

One  of  the  things  that  made  these  very  sjjceial  switelies  a  hard  job  was  their  size. 
Actually  they  are  more  than  twice  as  big  as  this  photograph  shows  them.  And  that 
meant  an  unusually  tricky  production  problem  in  taking  care  of  the  warping  and  the 
variation  in  tolerances  in  such  a  large  cenimic-and-metal  assembly. 

We  specialize  in  combining  metal  parts  with  any  and  all  kinds  of  insulating 
material.  This  order  called  for  ceramic  insulation  throughout — and  you  know  how 
brittle  that  can  be.  So  we  show  them  here  with  some  pride  in  the  skill  that  it  took 
to  ])roduce  them. 


The  l  i  I.MTK  i  O. 

Sexvtonville  60,  Muss. 
l)i\ision  of  I ’nltcd-(>arr  f  astener  (^orp. 


82 
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POLICE  RADIO 
EQUIPMENT 


BUILDERS  OF  PRECISION  RADIO  COMMUNICATIONS  EQUIPMENT 


WPB  has  permitted  us  to 
return  to  our  pre-war  products 
to  a  limited  extent.  Police 
Radio  Communication  Equipment 
can  be  supplied  on  priority  ratings. 

Our  Sales  Department  is  ready  to  assist 
you  in  getting  priority  ratings.  Write 
for  Police  Radio  Equipment 
Catalog  and  further 
particulars. 


•NICS 


93 


BASIC  SPECIFICATIONS 

TRANSFOKMIRS  AHO  mCUCTORS 
(MM«  »••• 

MUMIPfTV  VIIMTION 


IMMIRilON  RATIO 


INSUlRriON  RESISTANCE 


HlOH  POTENTIAL  TEST 


Pionver  Manufacturers  of  Transformers,  Reactors  and 


Rectifiers  for  Electronics  and  ^ower  Transmission 


AmerTran,  conformance  to  every  detail  — ond  impli¬ 
cation —  of  the  most  rigid  Army  or  Navy  specifications  is 
token  literally.  Routine  precautions  irKlude:  vacuum  impreg- 
notion  ond  slo>M*baking  of  coils;  infro-red  heating  to  insure 
complete  filling  with  insulating  compound,  torque  gauging 


and  resilient  gaskets  to  protect  ceramic  terminals;  induction 
heating  for  soldering  operations  to  insure  perfect  hermetic 
sealing.  Quality  control  is  maintained  by  frequent  inspections 
during  the  manufacturing  process. 

After  the  war,  similar  extraordinary  care  will  be  needed. 
Video-f.m.'O.m.  and  other  combinations  will  complicate  sets 
and  circuits — emphasizing  the  need  for  perfectly  coordi¬ 
nated  components.  That  means  rigid  adherence  to  the  letter 
AND  THE  SPIRIT  of  specifications — what  AmerTran  has  been 
furnishir>g  for  forty-three  years.  Write  or  phone  us,  today. 


AMERICAN  TRANSFORMER CO.J78EmmetSt.,Newark5,N.J. 


That  machine  ahoi  e  was  huHt  by  Nicholas  Cagnot  in 
1769.  It  is  the  great,  great,  great  grandfather  of  the 
modern  automobile.  Cugnot’s  machine  was  the  original 
Stanley  Steamer.  It  had  a  boiler  in  front  and  when  it  ran 
it  might  go  as  fast  as  2 m.p.h.  That  machine  was  a 
far  cry  from  our  modern  car,  but  it  was  a  fine  idea.  The 
reason  it  was  not  more  successful  was  that  Cugnot 
simply  did  not  have  enough  experience. 

la  the  manufacture  of  all  products,  Experience  Counts. 

The  WARD  RROOUCTS  CORPORATION  has  long  been  a 
leader  in  the  design  and  manufacture  of  antennas  for 
automobiles  and  home  radios.  Many  important  design 


changes,  pioneered  by  WARD,  have  become  accepted 
standards  in  industry,  ward  products  are  quality  prod* 
ducts,  reflecting  the  workmanship  of  craftsmen  using 
modern  equipment.  .  .  .  For  the  finest  antennas  for 
all  automobile  and  home  applications,  look  to  wardi 
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Station  WRAQ  of  the  Barnstable,  Mass., 
Police  Radio  System,  has  a  pair  of  Heintz 
&  Kaufman  HK-34  Gammatrons  still  in 
service  in  the  Anal  amplifier  of  this  station 
after  continuous  24-hour-a-day  use,  for 
57  months. 

Callite  thoriated  tungsten  filaments  con¬ 
tributed  to  the  extraordinary  life  of  these 
Gammatrons  by  having  the  right  propor¬ 
tions  of  thoria  to  give  the  requir^  elec¬ 
tronic  emission,  plus  the  rugged  strength 
to  endure  long,  hard  service. 

Makers  of  heavy  duty  tubes  appreciate 
Callite’;^  careful  processing  of  tul^  com¬ 
ponents,  the  result  of  C-T's  long  expe¬ 


rience  in  tungsten  metallurgy.  Outstand¬ 
ing  performance  is  msmjJ,  not  exceptional 
with  Callite  products.  So  if  you  are  think¬ 
ing  in  terms  of  electronic  components,  it 
will  pay  you  to  consult  with  us.  Callite 
Tungsten  Corporation,  544  Thirty-ninth 
St.,  Union  City,  New  Jersey,  Branch 
Offices:  Chicago  and  Qeveland. 
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THE  NATIONAL  SCREW  &  MFC.  CO.,  CLEVELAND  4,  0 


bnpMction  under 
magnifying  glau. 


\  Screw  k  Mfji 
advise 

hes  ^een 

approved"  fac 


fellity  ConW 


As  a  principal  source  of  supply  for  aircraft  fasteners, 
we  have  developed  facilities  for  achieving  tolerances 
formerly  unheard  of  in  bolts,  nuts  and  screws. 

There  is  only  one  way  to  insure  rigid  adherence  to 
the  quality  required  by  the  Air  Forces,  with  a  produc¬ 
tion  of  millions  of  parts  daily.  That  is  by  a  system  of 
inspection  that  is  complete  and  foolproof. 

The  excerpt  reproduced  above  from  a  recent  letter 
of  formal  approval  from  the  Air 
Technical  Service  Command  in- 
dicates  how  well  National  Screw 
has  achieved  this  goal. 
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Thanks,  Mr.  G.  I.  You're  qlose  to  ouj 
dioughcs.  All  of  us  in  radio  know  tho 
world-wide  job  you’re  doing  in  th/9 
Signal  Corps. 

We  know  who  you  are.  You’re  the 
radio  ham  across  the  street,  the  boy 
home  from  college  who  burned  the 
midnight  oil  in  the  attic  and  .rigged 
his  aerial  from  the  highest  mast. 
You’re  the  telephone  man.  You’re  the 
obliging  young  fellow  from  the  light¬ 
ing-company.  You’re  the  serviceman 
who  fixed  our  radio  set  the  day  before 
the  World’s  Series.  You’re  the  radio 
engineer  who  added  brains  to  that  set. 

We  don’t  know  where  you’re  seeing 
action  but  we  know  that  you  are  help¬ 
ing  it.  Crawling  out  ahead  of  artillery. 
Scrambling  from  one  fox-hole  to 
another.  Rolling  up  telephone  wire, 
almost  to  the  muzzles  of  enemy  guns. 
Operating  and  servicing  communica¬ 
tion  systems  so  that  the  attack  may 
roll  forward.  Hunting  booby  traps. 
Saving  lives. 

Come  back,  Mr.  G.  I.,  just  as  soon 
as  your  trouble-shooting  is  done.  Radio 
will  need  you— your  skill— your  sure¬ 
ness.  Radio  will  not  forget  your  part 
in  victory.  Solar  Manufacturing  Corp., 
285  Madison  Ave.,  New  York  17,N.Y. 
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about  having  your  CAPACITOR 
SPECIFICATIONS  MATCHED 


In  designing  or  producing  a  radio  Capacitor  types,  plus  hundreds  o£ 
or  electrical  product,  there  are  plenty  adaptations  and  special  units, 
of  things  to  think  of  besides  capaci-  guch  a  request  places  you  under  no 
tors.  Moreover,  unless  you  ve  social-  obligation  to  buy  the  recommended 
iaed,  it  s  difficult  to  keep  fully  abreast  type.  It  simply  assures  you  of  special- 
of  modern  capacitor  developments.  attention  in  the  selection  of  an 

That  s  why  we  make  this  suggestion:  important  component  on  which  there 

Write  today  for  a  supply  of  Sprague  are  many  factors  to  consider— angles 
Sample  Request  Forms.  Then,  as  which  cannot  always  be  cataloged 
capacitor  applications  arise,  use  ffiese  completely  or  promptly,  or  which  can- 
forms  to  send  full  details  to  Sprague  uncoveri^  in  any  other  way 

engineers.  Let  them  make  suggestions.  than  through  this  personalized  engi- 
Benefit  from  their  broad  experience,  neering  service, 
as  well  as  from  the  fact  that  Sprague  Write  today  for  a  supply  of  Capaci- 
regularly  produces  dozens  of  standard  tor  Sample  Request  Forms. 

SPRAGUE  ELECTRIC  COMPANY,  North  Adams,  Mass. 

(Fontfrly  Sprague  Spec/offies  Co.) 

- —  j/  ^  A  typleol  group  of  Sproguo  Dry 

*  Bocliolytk  Copueifors  doslgntd 

I  ^  \  to  mal^  special  spociAcatiens. 


SPRAGUE 

CAPACITOR  TYPES 


Dry  Electrolytic 
Paper  Dielectric 
Mica  Dielectric 
Power  Factor  CerrectioR 
Motor  Storting 
High  VoHoge  Networks 

Radio  Noise  Swppression 
Filters,  etc.,  etc. 


CAPACITORS  •KOOLOHM  RESISTORS 
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CAMEKA  I 


RCA  "OrtMcon”  Camera  picking  up  baxing  bouts  at  Madison 
Square  Garden,  New  York. 


Using  RCA  Television  Field  Pickup  Equipment  is  reic* 
easy.  Units  are  arranged  as  shown  in  diagram.  Video 
audio  output  are  fed  over  an  ordinary  telephone  cr 
(especially  equalized)  to  Radio  City,  a  mile  away. 
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RCA  control  equipment  used  by  NBC  at  Madison  Square  Garden.  The 
audio  control  unit  is  at  the  left,  video  units  at  the  right,  power  supply  units 
beneath  table.  This  corresponds  to  the  "remote  equipment"  used  by 
regular  broadcasting  stations  in  outside  pickups. 


ibbteh  avHsa 
coMmx. 
oniTs 


CAMERA  CONTROL 
UNITS 


AT  at  AMP 
EQUALIZER 


MADISON  SQUARE  GARDEN 


C IRCLE 

CENTRAL 

OFFICE 


I  II  .  ^  eowi 

[eiimRJ  STATE  L  ILR({!*il)UlA‘WT^^'^V 


"U"  type  SPEED  NUTS  are  easily  and  quickly 
applied  —  just  snapped  by  hand  into  screw- 
receiving  position— no  welding,  riveting  or 
clinching  necessary.  No  wonder  “U"  nuts  SPEED 
UP  product  assembly! 

“U”  type  SPEED  NUTS  hold  tight  — their 
arched  prongs  absorbing  vibration  to  prevent 
loosening.  Yet,  their  resiliency  prevents  damage 
to  the  parts  they  hold.  No  wonder  “U”  nuts 


IMPROVE  the  finished  product!  Available  in 
many  shapes  and  sizes,  “U"  type  SPEED  NUTS 
fit  a  wide  range  of  thicknesses — metal  plastic 
or  glass. 

Send  us  your  design  details  and  we’ll  show  you 
how  SPEED  NUTS  can  cut  as- 
sembly  time  and  cost  and 
improve  the  quality  of  your 
product  too.  Write  today! 


2106  FULTON  ROAD,  CLEVELAND  13,  OHIO 

la  Coaotlo:  Wolloca  Bornas  Ca.,  Homihon,  Ontario.  fa  Cagfood:  Simmondt  Aarecattoriot  Ltd.,  London. 


^Trademark  Rog.  U.  S.  Patont  Offico 


PATOtTEO 
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ARE  AS  GOOD  AS  THEIR  TOOLS .... 

^  Up  at  the  Yale  and  Towne  Manufacturing  Company  in 
Stamford,  Connecticut,  craftsmen  have  been  making  the  well- 
known  ’’Yale”  locks  and  builders’  hardware  for  many  years.  'The 
enviable  reputation  enjoyed  by  this  company  is  the  result  of 
their  insistence  for  fine  quality. 

Now  as  a  major  contributor  to  the  war  effort,  Yale  and  Towne 
are  producing  hydraulic  pistons  and  cylinders.  Constantly  en¬ 
deavoring  to  improve  their  already  superior  quality,  they  use 
the  Brush  Surface  Analyzer  in  both  laboratory  and  shop.  With 
this  instrument  they  are  able  to  study  surface  finishes,  accurately 
measured  to  one  millionth  of  an  inch  (.OOOOOT')  from  chart 
recordings  instantly  made  as  the  specimen  surface  is  explored. 


THE  BRUSH  DEVELOPMENT  COMPANY 


3423  PERKINS  AVENUE 


CLEVELAND  14,  OHIO 
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Electronic  Heating 


SEND  THE  COUPON  FOR  THESE 
FREE  RCA  PUBLICATIONS 


OPERATION 

OpraHmg  Expmrhnc*  wMi  H-F  Heating  by  Henderson  C. 
Gillespie.  Reprinted  from  Electronic  Industries.  An  engineering 
approach  to  the  solution  of  problems  of  cost,  efficiency,  and 
practical  applications  in  industry. 

PLASTICS  MOLDING 

Efocfrofiic  Hmating  Spm^da  Plastic  MoA/ing  by  J.P.  Taylor. 
Reprinted  from  Electronics.  Tells  how  electronic  heat  is  used 
and  how  it  helps  molding  operations. 

WOOD  INDUSTRY 

Hmating  Wood  with  Radio-Prmqvmncy  Power  by  J.  P. 

Taylor.  Reprinted  from  Mechanical  Engineering.  Thorough 
discussion  of  methods,  equipment,  costs,  results. 

Bmctronic  Hmating  far  Fabricating  Wood  AircroEf  and 
FtArkating  Wood  Akcraft  ”Skins"  by  J.  P.  Taylor.  Reprinted 
from  Electronics.  Elxcellent  data  on  forming  and  quick-gluing 
curved  wood  surfaces. 


'  RCA  EQUIPMENT  DATA 

QrCA  2000-Watt  Blmctronic  Gmn- 

orator  (including  special  features  for 
the  Plastics  Industry).  A  descriptive 
folder  on  this  advanced  automatic 
equipment. 


Elmctronic  Hmating  Smts  Glum  in  Lam- 
inatmd  Akcrcdt  Spars  by  J.  P.  Taylor. 
Reprinted  from  Electronics.  Detailed 
data  on  high-speed  edge  and  scarf  gluing 
and  laminating. 


RCA  ELECTRONIC  HEAT 


5K 


O  RCA  15,000-Watt  Bmctronic  Gmn- 

orator  (for  non-metal  heating).  Gives 
constructional  and  operational  data, 
electrical  characteristics,  etc. 


METAL  HEATING 

Bficimncy  of  Induction  Hmating  Cods  by  G.  H.  Brown. 
Reprinted  from  Electronics.  Technical  data  for  application 
engineers. 

High-Spcad  Soldmring  with  R-F  Power  by  J.  P.  Taylor. 
Reprinted  from  Electronics.  Tells  of  production-line  soldering 
that  stepped  up  production  2500%. 

Surfacm  Hardening  of  fAmtah  by  H.  C.  Gillespie.  Reprinted 
from  Electronics.  Basic  technical  data  on  high-speed  heat 
treatment  to  produce  thin  casings. 

0  Practical  Aspects  of  Induction  Hmatinghy  W.  M.  Roberds. 
Semi-technical.  Good  application  guide.  Reprinted  from  The 
Iron  Age. 

About  Your  Application:  If  you  have  a  possible  application  for 


electronic  heat,  why  not  consult  RCA  engineers?  A  letter. 


stating  your  problem,  will  bring  a  prompt  reply.  Please 


address:  RCA,  Electronic  Apparatus  Section,  Box  70-105H, 


Camden,  New  Jersey. 


ORDER  BY  NUMBER 


BUY  MORE 


I  RCA,  Electronic  Apparatus  Section, 

I  Box  70-105H,  Camden,  N.  J. 

I  Gentlemen :  Please  send  me  free  the  publications  on  electronic 
heating  which  I  have  circled  below. 


RADIO  CORPORATION 
OF  AMERICA 


Company . 


.Stato 


TO-OSI-ICA 


HOW  G-E  CAPACITORS 


Oil-pap«r  units 


Panallnl-plal*  units 


Pyranol  units 


The  great  number  and  wide 
diversity  of  capacitors  re¬ 
quired  by  today’s  electronic  circuits 
make  their  selection  an  important 
factor  in  the  design  of  the  completed 
electronic  device.  Capacitors  de¬ 
signed  for  the  job  can  often  appre¬ 
ciably  reduce  the  over-all  weight, 
size,  and  cost. 

Take  the  simplified  electronic- 
heater  circuit  shown  above:  The 
original  circuit  called  for  31  capac¬ 
itors.  By  selecting  G-E  high-fre¬ 
quency  capacitors  designed  for 
electronic-heater  applications,  this 
number  was  reduced  to  ^ight. 

Four  mica  capacitors  were  re¬ 
placed  with  three  G-E  oil-paper 
blocking  capacitors.  This  change 
alone  saved  more  than  $50. 

In  the  resonant  circuit,  it  orig¬ 
inally  took  25  mica  units  to  do  the 
job  that  three  G-E  high-frequency 
parallel-plate  capacitors  are  now 
doing.  These  compact  water-cooled 
units  permitted  an  additional  sav- 


B»ctromc  htatmr  b»mg  ufd  to  toUor 
eovort  of  G-E  eapucitort.  Four  uokt  arm  : 
simuhaoooutlY. 


G-E  capacHort  dotignod  for  h-t  oteHator  cireultM, 
Largo  uoih  fugh-froquomey,  parattol-plato  capacitor 
for  tfto  rotooaal  circuit.  Tho  otkort:  am  od-papar, 
high-froquomey  Uockimg  capacitor,  and  {unaHatii 
a  Ryremol  l»y-pa*t  capacitor. 


film  units — G.E.  is  in  a  position 
to  help  you  make  savings  like 
these  in  your  electronic  devices. 
Bulletins  on  our  various  lines  are 
yours  for  the  asking.  See  your  near¬ 
est  G-E  representative,  or  write  to 
General  Electric  Company, 
Schenectady  5,  N.  Y. 

•Reg.  U.s.  Pat.  Off. 


ing  of  more  than  $200,  as  well  an 
appreciable  reduction  in  the  over¬ 
all  dimensions  of  the  electronic 
heater. 

As  a  manufacturer  of  a  wide 
variety  of  capacitors  —  including 
Pyranol*,  oil-paper,  high-fre¬ 
quency  parallel-plate,  and  Lectro- 


Buy  oil  the  BONDS  you  con — and  koap  all  you  buy 


ELECTRIC 


GENERAL 
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FOR  DIMENSIONAL  STABILITY 

Three  grids  make  k  imperative  that  the  anode  in  this  air¬ 
cooled  RF  power  amplifier  and  oscillator  (WL-803) 
should  not  diange  shape,  and  hence  the  tube’s  charaaer- 
istics,  while  operating.  Graphite  gives  the  anode  this 
essential  stability. 


These  physical  properties  of  graphite— nearly  perfect 
black  body  radiation,  negligible  coefficient  of  expansion, 
and  excellent  heat  conductivity— dictate  its  use  in  the 
anodes  of  the  three  electronic  tubes  illustrated. 

The  tubes  are  but  a  few  of  the  many  in  which  "Na¬ 
tional”  High  Purity  Graphite  anodes  and  other  tube 
components  are  specified.  And  the  physical  properties 
mentioned  are  but  a  few  of  those  which  make  graphite  a 
basic  material  for  a  wide  variety  of  industrial  and  com¬ 
munications  electronic  tubes. 

"National”  electronic  graphite  of  unmatched  purity 
is  available  for  your  requirements.  For  information  on 
electronic  graphite  and  other  "National”  graphite  prod¬ 
ucts,  write  to  our  nearest  Division  Office. 


FOR  PREVENTION  OF  LOCAL  OVERHEATING 

In  the  Pliotron  modulator-amplifier  (WL-849)  for  broad¬ 
cast  radio  and  aviation  control  stations,  the  graphite  anode 
prevents  local  overheating  and  distortion  where  large 
areas  are  involved 


FOR  DISSIPATION  OF  EXCESSIVE  HEAT 

This  Rectigon  2894 16— workhorse  rectifier  tube  for  garage 
and  home  battery  chargers  for  over  30  years— must  get  rid 
of  a  tremendous  quantity  of  heat.  Its  graphite  anode  han¬ 
dles  the  heat  with  ease. 


Keep  yottr  eye  an  the  infantry  .  .  .  the  doughboy  does  it! 


The  word  "National"  is  a  registered  trade-mark  of  National  Carbon  Company,  Inc. 

NATIONAL  CARBON  COMPANY,  INC. 

Unit  of  Union  Carbide  and  Carbon  Corporation 

Qffl 

General  Offices:  30  East  42nd  Street,  New  York  17,  N.  Y. 

Dn  ision  Sales  Offices:  Atlanta,  Chicago,  Dallas,  Kansas  City,  New  York,  Pittsburgh,  San  Francisco 
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I  HE  MAN  who  runs  your  plastics  job 
at  Kurz-Kasch  isn’t  run-of-the-mill 
material — and  he  doesn’t  start  from 
scratd).  He’s  either  learned  molding 
through  long  years  of  Kurz-Kasch 
training)  or  he  has  graduated  from  an 
apprenticeship  following  a  thorough 
job-training  course. 

We’ve  got  a  couple  of  other  new 
wrinkles  too,  even  if  we  are  one  of  the 
oldest  names  in  the  business.  For  in¬ 
stance  we’ve  got  a  complete  shop  for 
producing  all  types  of  metal  inserts 


right  in  the  plant.  And  extensive 
radio-frequency  preheating  equip¬ 
ment — with  more  experience  with  it 
than  most 

If  you  know  plastics,  you  know  that 
these  production  improvements — 
plus  the  facilities  described  here — 
make  for  the  progressive  but  sound 
type  of  leadership  you  want  to  find  in 
your  molder.  If  you  don’t  know  plas¬ 
tics,  knowing  your  molder  helps  even 
more.  Put  your  plans  up  to  Kurz- 
Kasch  today,  and  see  for  yourself. 


WHY  KURZ-KASCH  FOR  PLASTICS? 
Kurz-Kasch  offers  a  28  year  old  repuution 
for  thoroughly-eogineer^  quality  produc¬ 
tion.  •  One  of  the  largest,  best-equipped 
exclusive  custom  molding  plants  in  the  coun¬ 
try — 75,000  sq.  ft.  of  floor  space  with  125 
compression  a^  transfer  presses  of  all  sizes. 

•  Complete  mold-making  and  finishing  facil¬ 
ities.  •  Extensive  production  sequences  of 
radio-frequency  prdieating  equipment,  with 
full  experience  in  their  use.  •  Complete  in- 

sert-production 
shop.  For 
faction  in  plastics, 
key  these  facilities 
■  into  your  produc- 

*  tion  line. 


BUY  WAR  BONDS  FOR  VICTORY  — HOLD  THEM  FOR  PROFIT 


Kurz-Kasch 


For  over  25  years  Planners  and  Molders  in  Plastics 

Kurz-Kasch,  Inc.,  I42S  South  Broadway,  Dayton  1,  Ohiol'*Branch  Solos  Olllcos:  New  York  •  Chicago  *  Detroit 
Indianapolis  •  Los  Angeles  *  Dallas  *  St.  Louis  *  Toronto,  Canada.  Export  Ottices:  89  Brood  Street,  New  York  City 
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CLEAR  OUT  THE 


BEFORE  YOU  SET  UP 
FOR  PEACETIME  PRODUCTS 


Specify  the  SHORT  CUT  FASTENING  METHOD 
and  .  ovoid  later  changes,  expense,  delays 

D«n’t  wait  until  you  resume  manufacture  of  your  peacetime 
product  to  find  out  that  needless  tapping,  needless  inserts  in  plas* 
tics,  or  other  fastening  “bugs”  are  slowing  down  assemblies  and 
running  up  your  costs. 

Check  up  note,  while  your  plans  are  still  in  process.  Choose 
fastenings  as  cgrefully  as  you  settle  any  other  factor  of  design. 
Make.sure  you  are  using  the  short  cut  ftistening  method  -  Parker- 
Kalon  Self-tapping  Screws  -  wherever  possible. 

Give  your  product  the  advantage  of  the  30%  to  50%  saving  in 
assembly  Ume  and  labor  made  possible  by  P-K  Self-tapping 
Screws.  Eliminate  tapping  for  machine  screws  and  tap  expense  - 
fumbling  with  nuts  and  bolts  -  costly  inserts  that  slow  up  molding. 

USER’S  GUIDE -FREE!  P-K  “Users’  Guide”  describes  all 
types  of  Parker-Kalon  Self-tapping  Screws  and  tells  where  to  use 
them.  Designers  and  assembly  planners  need  this  important  in¬ 
formation.  Write  for  a  copy. 

ASK  THIS  EXPERT  ON  FASTENINGS 

how  to  simplify  and  strengthen  assem¬ 
blies,  how  to  save  time  and  lower  costs. 

The  P-K  Assembly  Engineer  gives  you 
unbiased  advice,  because  P-K  makes  all 
types  of  Self-tapping  Screws.  Ask  him  to 
call  .  .  .  or,  mail  assembly  details  for  { 
recommendations.  Parker-Kalon  Corp., 

208  Varick  Street,  New  York  14.  N.  Y. 


Will  "Blind  Fastenings" 
boost  your  parts  breakage? 

Heres'  how  Tagliabve  lickod  this 
"bug"  and  speeded  production 

Difficulty  ill  judging  hole  depth, 
when  tapping  blind  holes  for  small 
machine  screws,  resulted  in  taps 
breaking  through,  ruining  plastic 
parts  at  Tagliabue  Mfg.  Co.,  Brook¬ 
lyn,  N.  Y.,  makers  of  TAG  pressure 
and  temperature  instruments. 

Changeover  to  P-K  Self-tappin*: 
Screws  ended  this  trouble,  stopped 
breakage,  saved  tapping  time  and 
tap  expense. 

P-K  Type  “Z”  Screws  are  used 
(A)  to  attach  steel  clips  fastening 
window  to  plastic  door;  (B)  to  fas¬ 
ten  plastic  rheostat  disc  to  door; 
(C)  to  attach  steel  clamps  holding 
wire  to  door.  The  screws  form  their 
own  strong  threads,  as  they  are 
turned  intc^  plain  holes.  One  easy 
operation  makes  a  fastening. 


R-KALO  N 

QuttliUi'Gmtibtled 

SELF-TAPPING  SCREWS 


ONE  Simple  BASIC  UNIT 
USED  THROUGHOUT  in 


the  design  and  manufacture 
of  wiring  systems,  harnesses, 

W  connections  and  electrical 
and  electronic  components 
....  eliminating  all  complex^ 
cumbersome,  unnecessary  parts! 


A  I  R  C  fl  A  F  T  -  M  A  R  I  N  E 


PRODUCTS  INC 
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EXPORTS  IB  MOORE  STREET 


MAXIMUM 


SELF 
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The  weight  and  space  saving  advantages  of  Ken-Rad 
“self-shielding”  metal  tubes  have  long  been  recognized 
Their  sturdy  ruggedness  under  severe  service  condi¬ 
tions  in  fighters  and  bombers  is  a  matter  of  record 


y  TRANSMITTING  TUBES 
\  CATHODE  RAY  TUBES 


KEHRAD 


SPECIAL  PURPOSE  TUBES 


RECEIVING  TUBES 


INCANDESCENT  LAMPS 


FLUORESCENT  LAMPS 


MAIORITY  SET 


jOlOO®* 


on  ,oW« 


^6  fOOW"^ 


HH^HD  ^  „o»o« 


St.  CHI'--" 


V  » «f '» 


FLEXIBLE  VARNISHED  OIL 
TUBING:  thU  TUft&O  Intttlotion 

ma«tf  lh«  <lW«r»ily  of  roqwiro- 
moat*  aaeostary  to  itond  ap 
opoiatt  braokdowns,  1«po!rmenl' 
throwsh  Moiitara  oinorptlon,  end 
ifco  aonorat  datoriorotiag  (aftu- 
•ncac  cou*od  by  acMh,  olkolit, 
fuaiot,  c«rrMioa<  otc. 


,OOA«W* 


VARNISHED  GLA»  TUBING: 

tho  oxloniive  ufo  of  tlilt  TURBO 
product  it  diroctiy  ottributabla  ^ 
to  )t«  oxcollont  choroctorittici  un-  ^ 
dor  hipb  hoot  cendtiiont.  ff*o*yj^£ 
duty  oporoling  coodilioat,  con-  ^ 
finod  oroot  wkoro  vontilotion  it 
minimUad  and  othor  tiaiilar 
problomt  oro  tolvod. 

i 

ta 


EXTRUDED  TUBING:  whoro 

tho  offoctt  of  tomporoturo*  oro  j 
opt  to  indue#  iniutotion  ombrit-  ^ 

1  tiomont,  TURBO  Extrudod  Tubing 
^  •  it  Mpociotty  suitod.  Suddon  dt- 
■  nwtic  chongot,  wid#  Ructuotiont 
in  tomporoturo,  or  rofrigoront 
oporoting  cooditioot  will  net  of- 
'4-  „fott  its  dopondobility,  I 

'  ‘  ..  •  ... 


WIRE  IDENTIFICATION 
MARKERS:  tho  focititoting 
of  production  and  onombling 
oporotioiK,  with  corrotponding 
incrootot. in  functional  offlcioncy, 
oro  offoc^  with  tbit  TURBO  in¬ 
sulation  product.  Avalloblo  in 
any  tizo,  longth  or  color.  TURBO 
nrarkort  moot  Ul  roquiromontt. 
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LAMINATED  PLASTICS 


WILL  PLAY  IN  YOUR 


MtOOUCJi 


\ 

■  r  , 


] 


post 


YIAw 


Many  forward-looking  manufacturers  who  are  determined 
to  avoid  a  lengthy  shut-down  between  war-production  and 
peace-production  are  already  working  on  blueprints  of 
their  proposed  post-war  products. 

To  help  you  now  with  your  post-war  plans,  we  have  created 
and  manned  a  Post-War  Development  Department.  This 
Department  has  no  duties  other  than  those  of  discussing 
with  forward-looking  manufacturers  the  contributions  that 
Laminated  Plastics  (Phenol  Fibre  and  Vulcanized  Fibre) 
can  make  to  the  performance  and  economy  of  the  products 
of  tomorrow. 

Before  you  decide  that  a  product  or  a  part  can  best  be  made 
from  glass,  steel,  wood,  or  any  other  material,  it  will  pay 


you  to  find  out  whether  or  not  that  product  or  part  can  be 
made  better,  cheaper, 
or  faster  in  laminated 
plastics.  Consultation 
on  such  problems  with  , 

the  engineers  in  our  1 

Post-War  Development 
Department  is  yours  for 
the  asking,  without  cost  by  machiniBf  fiwm  lobe* 

...  .  Phraol  Fibre.  ihU  radie  part  combinra 

or  obligation.  Write  us,  Ught  weisbt.  hicb  dKalaelnc  qaalHy.  law 

in  complete  confidence,  .~utura-.b.arp.i^  .na  ib,  ‘Way  t. 

*  Bland  bImck.  Wbalerer  corobinatMO 

about  your  plans  and  qualilie*  yen  require,  h’a  a  rare  caaa 

indeed  ibal  can’t  be  aaleed  by  I.aminalad 

problems.  piatiict. 


1  ^ 


POST-WAR  DEVELOPMENT  DEPARTMENT  OF 


LAMINATED  PLASTICS:  PHENOL  FIBRE  •  VULCANIZED  FIBRE  -  Sheets,  Rods,  Tubes,  and  Fabricated  Parts  | 

VORRirrOWN,  PENNSTIVANIA  •  OmCES  in  PRmCIPAL  CITIES  •  PACIFIC  COAST  HEADQUARTERS:  S44  S.  SAN  PEDRO  ST..  IjOS  ANGELES  i 
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Black  Grade  LE  DI- 
LECTO  Gun  Director 
Part,  Smooth  Sawed, 
Drilled,  Milled, 
Reamed. 


Natural  Grade  LE 
DILECTO  Support 
Block,  Smooth  Sawed, 
Milled,  Drilled. 


Punched  Black  -  Grade 
LE  DILECTO  Insulator. 


GRADE  "LE"  DILECTO  a  Lamhiated  PhetioUc 

Plastic  combines  good  mechanical  properties  with  good 
electrical  insulating  qualities. 


Tensile  Strength  8500  PSI 
Compressive  “  37000  PSI 
Flexural  “  19000  PSI 


Dielectric  Constant 

at  1000  KC  5.5 
Power  Factor  0.045 

Dielectric  Strength 

}/^  thick  250  vpm 


(Above  Figures  are  NEMA  average) 


SEND  FOR  CATALOG  ”DO”  WHICH  GIVES  COMPLETE  TECHNICAL  DATA  ON  ALL  DILECTO  GRADES 


DISTRICT  OFFICES:  New  York  •  Cleveland  •  Chicago  •  Spartanburg,  S.  C. 
West  Coast  Rep.,  Marwood,  Ltd.,  San  Francisco  •  Sales  Offices  in  principal  cities 


Lj 
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AIR  CLEANING 

Smell*,  dust,  end  soot  per- 
licies  100  times  smaller  then 
the  eye  con  see  ore  drawn 
eut  ef  the  air  electrenictHly 
by  an  ingeniews  arrange¬ 
ment  ef  pesMvely  end  neg- 
etively  charged  plates.  This 
device  facilitates  precisien 
manufacturing  ef  delicate 
instruments,  guarantees 
purity  and  sanitatian  in  feed 
precessing,  prometes  health 
and  cleanliness  in  restau¬ 
rants  and  hespitals. 


BY  GUARDIAN 


Eloctronic  air  cloonars  ionize  dust  particles  and  collect  these  particles  on  a  series  of  posi¬ 
tive  and  negative  plates  called  "Collector  Cells"  which  are  arranged  in  a  Venetian  blind 
fashion.  Rectifier  tubes  in  a  power  pack  change  the  a-c  secondary  voltage  into  pulsating 
d-c  voltage.  This  d-c  voltage  is  smoothed  out  by  a  capacitor  and  charges  the  Ionizer  and 
Collector  cells. 


Relays  are  built  into  the  power  pack  to  protect  it  against  short  circuits  or  other  irreg¬ 
ularities  in  circuit  operation.  Typical  of  such  relays  is  the  Guardian  Series  40  a-c  relay 
which  has  a  laminated  armature  and  field  piece.  ' 

The  Series  40  is  well  fitted  for  use  in  power  packs  such  as  illustrated,  because  it  is 
designed  to  handle  a  maximum  of  control  in  minimum  space.  It  has  a  switch  capacity  of 
double  pole,  double  throw  with  ampere  contacts  (rated  at  110  volts,  60  cycles, 

non-inductive  load).  Coils  are  available  for  standard  voltages  up  to  220  volts,  60  cycles. 
Normal  power  requirements  are  9  V.  A. 

For  details  on  this  and  other  Relays  by  Guardian  write  for  General  Relay  Bulletin. 


$*rMs  40  A  C.  ftlay 
Consult  Guerdien  whonover  e 
tub*  it  used — hew*ver— R*leyt 
by  Guerdien  or*  NOT  limited  te 
tub*  epplicotiens  but  ere  used 
wherever  eutemetic  centrel  is 
desired  fer  meking,  breaking,  er 
changing  the  characteristics  ef 
electrical  circuits. 
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.  .  .  provide  the  many  functional 
advantages  of  E>E  Electronic  Tubes. 

Quite  another  thing  is  to  endeavor  consistently  to  moke  o  good  product  better. 
E-E  engineers  and  research  technicians — since  the  inception  of  the  organization 
— have  adopted  a  policy  of  round  table  discussions.  Executive  and  employee 
alike  havO  their  say  at  these  open  forums. 

Subject:  You  and  your  product  or  equipment,  as  it  pertains  to  the  versatility  and 
performance  of  E-E  vacuum  tubes.  Thus,  by  a  thorough  knov^ledge  and  under¬ 
standing  of  the  problems  of  particular  applications,  complete  solutions  ore  made 
available  without  a  trig!  and  error  interval. 

Every  tube — Rectifier  or  Amplifier — is  a  studied  outgrowth  of  these  confer¬ 
ences  and  incorporates  advantage-characteriltics  for  every  application. 

The  new  E-E  Data  Book,  completely  descriptive,  is  now  available.  Write  now — 


65-67  SEVENTH  AVENUE,  NEWARK,  4,  N.  J. 
25  WARREN  STREET,  NEW  YORK,  7,  NEW  YORK 

CAtLi  ADDRESS:  SIMONTRICE  NEWYORK 
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Published  in  the  Interests  of  Better  Sight  and  Sound 


DEC:EMBER 


Type  EF-50  Pentode 
Found  Useful  at 
High  Frequencies 


;:^yivaiiia  Jl.quipment  Helps  o-^ys 
Report  ” Mission  Accomplished” 

Cornpeiny’s  Tubes,  Fleet ronic  Devices 
Extensively  Used  on  Superfortresses 

Radio  coiuiiumications  equipment  and  electronic  navigational  aids  have  been 
develo])ed  to  a  new  pitch  of  perfection  aboard  tlie  giant  Boeing  Superfortresses, 
which  have  so  convincinjjly  demonstrated  their  ability  to  strike  hard  and 
effectively,  deep  within  the  enemy’s  territory,  after  flying  from  far -distant 


Sylvaiiia’s  Type  EF-50  Amplifier  Pentode, 
originally  produced  primarily  for  military 
jpurposes,  has  a  numi>er  of  unusual  features 
'that  suggest  many  apprications  in  postwar 
design. 

The  outstanding  characteristic  of  the 
EF-50  is  that  it  is  designed  to  operate  at 
250voltson  both  screen  andplate,pennittiiig 
d|>eration  at  higher  frequencies  because  of 
die  resulting  reduction  in  input  loading. 

Tube  is  provided  with  its  own  external 
shield,  grounded  through  center  lug,  as 
well  as  internal  shielding  brought  out  on 
two  terminals.  Since  suppressor  and  cathode 
arc  broughtoutseparately,  9  pinsare  needed. 

Full  technical  data  on  the  EF-50  can  be 
obtained  from  Sylvanla. 


Exterior  view  shows  the  B-29  bristling 
loitkSO-calibre  machine  guns  and  20  mm. 
cannon.  The  Superfortress  is  powered  by 
four  2200-hp.  engitus,  rolls  on  double¬ 
wheeled  landing  gear,  carries  electronic 
cquipnunt  such  as  is  manufactured  by 
Sylvauia  and  others.  (Boeing  Photo) 


bases.  The  long  operating  range  of  tlic 
Superfortresses  necessitates  a  complex  eUc- 
tronic  nerve  system  to  assure  close  contact 
in  flight,  accuracy  in  reaching  target,  and 
safe  return  to  base.  Radio  and  electronic 
equipment  —  estimated  to  total  approxi¬ 
mately  one  ton  for  each  Superfortress  — 
includes  the  most  modern  navigational 
devices,  in  addition,  of  course,  to  the 
transmitters,  receivers  and  other  apparatus 
necessary  for  communication  between  crew 
members,  between  aircraft  in  flight,  and 
between  planes  and  their  distant  bases. 

Sylvania  has  made  Important  contribu¬ 
tions  to  the  electronic  equipment  that  helps 
make  possible — and  ultimately  transmits— 
the  terse,  stirring  message,"Mission  Accoin- 
plished.”  Not  only  arc  many  Sylvania  tubes 
utilized  in  the  various  radio  sets  and  control 
devices  carried  by  the  Superfortresses,  but 
Sylvania  is  among  tlie  manufacturers  sup¬ 
plying  electronic  equipment  for  the  B-ilSs. 


!  Did  You  Know 


That  many  industries  use  Sylvania  Pirani 
tubes  to  measure  pressures  ranging  from 
1/10  to  1/10,000  mm  ? 


That  newly  defined  life  ratings  for  Sylvania 
Fluorescent  lamps  show  that,  in  many  ap¬ 
plications,  life  expectancy  is  greater  than 
previously  indicated,  when  lamps  are  burned 
on  long  time-on  cycles.  ? 


'Wext  tinuyongobailingout,for  heai>en’s 
sake  grab  a  set  with  Sylvauia  Tubes!" 


Sylvania  JT' Electric 


PRODUCTS  INC 

Radio  Division 


poriuin 


MAKERS  OF  FLUORESCENT  LAMPS,  FIXTURES.  ACCESSORIES,  INCANDESCENT  LAMPS,  RADIO  TUB^S,  CATHODE  RAY  TUBES,  ELECTRONIC  DEVICES 
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AMPHENOL  offers  you  a 

COMPLETE  INSERT  REFERENCE  CHART 


For  "AN”  Seri« 
F'ectr.col  Conn 


^go  -AN-  iHStff 


ahahoiiiimts 
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:5=^i 
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You  may  have  this  helpful  chart.  You  can  in 
an  instant  find  the  correct  insert  that  fits  your 
particular  combination  of  conductors,  voltage 
and  current  requirements. 

First  advantage — this  chart  organizes  for  the 


eye  the  most  complete  line  of  AN  inserts  made 
by  any  one  company — arranged  and  divided 
according  to  number  of  contacts— readable 
from  top  to  bottom  and  left  to  right.  Each  in¬ 
sert  is  illustrated  full  size  on  this  38"  x  50" 
chart.  A  table  gives  the  mechanical  s,  ■seeing 
of  contacts  and  other  valuable  information. 

All  it  tedees  to  get  this  chart  is  a  request  on 
your  company's  letterhead. 


Alao  inelttdmd  arm  two  ringbook  ehartm.  On*  mhowa  all  connector  ahmil  typma  and 
atylma  inc7a<fin7  thm  apmeial  purpose  ahmlla-prmaaurm-tight,  moiaturm-amal,  mxploaion- 
proof,  light-proof.  Thm  othmr  elmarly  mxplaina  thm  numbmring  ayatmm  for  connectors. 


AMERICAN  PHENOLIC  CORPORATION 

Chicago  5  0,  Illinois 
IN  CANADA  *  AMPNINOL  LIMITID  *  TORONTO 
Csaaeciers (AN, British, U.H.F.)  •  nttinfs  •  CeedaHs  •  Cable  Assenbhes  •  II.N.F.Cabl*  •  Radio  Parts  •  Plastics  for ladastiy 


im  as  load  Bayonets 


m,, that’s  why 

AMERICAN  PHILLIPS  SCREWS 


drive  Faster, » •  Straighter 
and  Cost  Less  to  Use 


Lke  a  bayonet  fixed  on  a  gun,  an  American  Phillips  Screw  can’t 
wobble,  twist  off,  or  drivt  any  way  but  straight.  For  the  engineered,  tapered 
recess  in  the  American  Phillips  screw-head  fixes  the  4-winged  driver  firmly 
in  position  .  .  .  makes  screw  and  driver  an  inseparable,  straight-line  driv¬ 
ing  unit  until  the  screw  is  set  up  flush  and  tight. 

This  brings  new  ease  and  speed  to  fM'oduction  screw-driving 
.  .  .  makes  power  drivers  practical  for  any  type  of  work  .  .  .  prevents 
accidents,  scarred  and  rejected  work,  loss  from  split  screw-heads.  That’s 
why  over-all  savings,  in  plant  after  plant,  score  American  Phillips  Screws 
at  50%  or  better,  over  any  other  type  of  screw  fastening. 

What’s  more,  American  Screw  Company  inspects  every  Ameri¬ 
can  Phillips  Screw  .  .  .  for  physical  fitness  of  head,  thread,  and  point  .  .  . 
then  checks  shipments  by  automatic  weigh-count  to  assure  full  value. 
Try  American  Phillips  Screws  on  your  own  assemblies.  You’ll  find  they 
cost  less  because  they  help  you  produce  much  more. 

AMERICAN  SCREW  COMPANY,  PROVIDENCE  1,  R.  I. 

Chicago  It:  589  E.  Illiouis  Street  Detroit  2:  502  Stephenson  Building 


iVER 

5S 

SCREW  HE^C 


OUl 

f^ftR^D  * 
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Today,  our  electrical  equipment  encircles  the  globe;  some  serving  at 
Greenland’s  ice  cap  or  in  Kiska’s  fogs . . .  others  stewing  in  the  swamps 
of  a  Pacific  atoll. 

With  the  destinations  of  war-products  totally  unknown,  manufac¬ 
turers  logically  have  preferred  “building-in”  Westons  on  their  con¬ 
trol  panels.  They  know  that  a  Weston  will  perform  dependably 
anywhere  . . .  that  there  is  sound  reason  behind  Westons  acceptance 
as  the  international  standard. 

And  tomorrow,  with  equipment  reaching  known  markets,  instrument 
preferences  will  remain  unchanged.  For  while  human  life  no  longer  will 
be  at  stake,  reputations  will.  So  manufacturers  will  continue  to  “build- 
in”  the  instruments  which  consistently  tell-the-truth ...  to  build  broader 
market  acceptance  and  customer  good-will,  and  assure  highest 
'efficiency  from  the  machines  which  bear  their  name. 


Weston 


•  Laboratory  Standards 

•  Precision  DC  and  AC  Portables 

•  Instrument  Transformers 

•  Sensitive  Relays  * 

•  DC,  AC,  and  Thermo  Switchboard 

and  Panel  Instruments 

•  Specialized  Test  Equipment 

•  Light  Measurement 

and  Control  Devices 

•  Exposure  Meters 

•  Aircraft  Instruments 

•  Electric  Tachometers 

•  Dial  Thermometers 


WESTON  ELECTRICAL  INSTRUMENT  CORPORATION 
Alt  FRELINGHUVSEN  AVENUE,  NEWARK  5,  NEW  JERSEY 


fOR  OVER  55  TEARS  EEA0ER5  IN  ElECTRICAL  MEASURING  EQUIP  MINT 
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B€C4$ms*  of  tb*  kMMC  imPor$mnce  of  Mieqiutt*  wirimt  to  the  entire  electricml  imdmitry, 
Anoeomdo  it  pretemtimg  mottsges  Hie  tbit  m  s  wide  list  of- motionel  publicetiont. 


BE  SAFE  -  BE  CERTAIN 


If  the  facts  below  make  sensV,  check  up  on  your  wiring  plans  now! 


FUTURE  MARKETS 

Foresighted  market  surveys  won’t  mean  much  if 
plant  wiring  and  service  equipment  capacity  don’t 
back  up  potential  volume. 

NEW  DEVICES 

Do  your  plans  anticipate  the  huge  increase  in  the 
use  of  electricity— the  power  demands  of  new,  com* 
plex  electrical  machines.^ 

COSTLY  TEAR-DOWNS 

Figure  the  expense  of  possible  downtime  and  labor 
costs  for  emergency  wiring  and  equipment. 


OBSOLESCENCE 

What  about  your  banker.’  He’ll  want  to  be  sure 
that  electrical  efficiency  is  adequate  to  keep  your 
plant  a  prime  commercial  risk. 

POSTWAR  EMPLOYMENT 

You’ll  want  to  help  assure  places  for  the  horde  of 
returning  men.  Don’t  let  inadequate  wiring  cramp 
your  personnel. 

Obviously  unwired  planning  will  cost  a  lot  more 
than  planned  wiring.  Wire  Ahead!  Have  a  talk 
with  your  electrical  contractor,  power  engineer  or 
utility  power  engineer. 


ANACONDA  WIRE  &  CABLE  COMPANY 

25  Broadway,  New  York  4  ...  Sales  Offices  in  Principal  Cities 
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THE  N-Y-T  SAMPLE  DEPARTMENT  CAN  TAKE 
THE  GUESSWORK  OUT  OF  TRANSFORMER 
SPECIFYING  FOR  YOUR*  POST-WAR  NEEDS 


solenoids — for  every  industrial  and 
electronic  requirement — are  being 
produced  to  the  highest  degree  of 
perfection  ever  attained.  • 


Placing  the  cart  before  the  horse  is 
to  publicise  in  glowing  terms,  elec¬ 
tronics  of  the  future.  Construc¬ 
tively,  it’s  a  job  for  engineers  and 
designers  with  ‘both  feet  on  the 
ground*. 

The  N-Y-T  Sample  Department  is 
helping  to  set  the  pace  with  re¬ 
search,  engineering  and  develop¬ 
ment  in  the  electronic  field.  Spe¬ 
cially-built  transformers,  filters  and 


Immediately  that  military  needs 
taper,  collaboration  in  the  solution 
of  transformer  problems  will  be 
available  to  aid  in  the  advance¬ 
ment  of  electronics  .  .  .  through 
product  prestige  and  integrity. 

NEW  YORK 

TRANSFORMER  CO.  . 

26^WAVERLY  PLACE,  NEW  YORK  3,  N.  Y.  A 
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THE  BROWIONG  FREQUENCY  METER,  nmmd 
by  police  cmd  other  emergency  radio  fadJiiies 
for  the  poet  five  years,  is  stUl  the  best  meter  for 
such  services  —  because  it  was  specifically  de^ 
signed  for  them.  The  design,  which  permits  <f«* 
termination  of  any  five  frequencies  from  1.5  to 
120  Me.,  makes  for  simplicity  of  operation 
which  requires  less  than  one  minute  to  check 
one  frequency.  All  Browning  development  work 
aims  at  specific,  rather  than  broad,  uses.  Thus, 
all  Browning  equipment  is  best  for  its  particular 
job.  Furthermore,  Browning  Laboratory  fadli- 
ties  are  available  for  study  and  solution  of  your 
own,  specific  electronic  engineering  problems. 

Write  for  data. 


lIcORPOIATEB 

HASS'JieilSETTS 


* 


iNlCS 


OFFICIAL  U.  S.  navy  FMOTOOFAPH 


Battle  Commands  Reach  Ail  Hands! 


ON  a  modern  U.  S.  dreadnaught, 
about  2200  telephones  and  more 
than  300  loudspeakers  link  all  battle 
stations.  They  flash  orders  cind  reports 
instcintly — meike  possible  the  split-sec¬ 
ond  timing  that  wins  battles. 

Vital  parts  of  each  telephone  and 
speaker  are  permanent  magnets.  They 
are  also  employed  in  radio  and  sub¬ 
detection  equipment,  firing  systems, 
compasses,  instruments  and  numerous 
other  devices,  raising  the  total  per  bat¬ 
tleship  high  into  the  thousands. 


Because  we  manufacture  permanent 
magnets  for  virtually  every  use  known 
to  science,  our  specialized  knowledge 
of  design  and  production  is  unusuedly 
complete.  If  you  have  a  problem  in¬ 
volving  permanent  magnets,  our  engi¬ 
neers  will  be  pleased  to  consult  with 
you.  Write  for  a  copy  of  our  "Permanent 
Magnet  Manual". 


Copyrishi  1944—  Tho  lodiABA  9u«l  Produots  Co. 


lItfDlAI¥A  STi:i;i.  PROOVCTS 

G>§0^HUty 

★  S  P  EC  lALISTS  IN  PERMANENT  MAGNETS  SINCE  191 

6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2,  ILLINOIS 
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For  Your  Postwar  Needs  in 
Connectors  and  Related  Units 


•n  «p>elit  prabiimt 


9inn 

\  """"If, 


ttnf' 


A"  ' 


'«.p.r,d  <■"«< 

o/ifce 


•‘<9;  95 


■  iP 


^CONNECTOR  DIVISION  OF 


INTERNAnONAL  RESISTANCE  CO 


401  M.  OtOAO  ST.«  r 


HIA  OA 


the  organization 


PRECISION  fabricators. 


tecision 


FABRICATORS,  INC 

EAST  ROCHESTER,  N.,Y. 


CHARLES  W.  MAJOR 
Pretident 


xjike  many  another  ^depression-born”  company 
beset  by  trying  problems,  we  learned  early 
and  well  the  vital  importance  of  giving  more  and 
better  service  than  a  customer  ordinarily 
expected.  Faithful  adherence  to  this  principle  throughout 
the  ensuing  years  has  not  only  forged  a  stronger 
relationship  with  old  customers  but  has  laid  the 
foundation  for  an  organization,  w^hich  today, 
is  recognized  as  a  leader  in  the  field  of  precision 
fabrication  of  all  types  of  plastic  materials. 


C.  STUART  TABOR 
Vice-President 


RAY  USCIIOLD 
Secy-Treas. 


us  the  specifications  for  your  next  requirements  and  let 
us  prove  to  you  that  we  can  produce  these  parts  6etter . .  .faster . . . 
more  economically!  We  have  a  stock  of  standard  materials  on  hand 
at  all  times — all  of  which  meet  Army,  Navy  and  Air  Corps 
specifications. 


ROBERT  BEAN 
General  Manager 


Sfaecl^icxUioet  ^aiAicaio^ 
VULCANIZED  FIBRE,  CORK,  CORPRENE, 
PHENOL  FIBRE,  RUBBER,  ASBESTOS 
AND  OTHER  MATERIALS 


Broncii  Offices: 

RK:  420  LEXINGTON  AVE. 


Where  there  is  machinery  in  motion,  there  is  vibra¬ 
tion,  and  vibration  means  strain  to  machine  and  to  man. 
Lord  Shear  Type  Mountings  and  other  bonded  rubber 
products  control  and  isolate  vibration.  . 

Factories  that  are  quieter,  pleasanter,  more  efficient; 
automobiles,  trucks,  buses,  locomotives,  airplanes  that  are 
smoother  and  safer  in  operation;  delicate  laboratory' 
equipment  that  is  made  more  accu¬ 
rate  and  trust-worthv;  these  are  the 
results  that  Lord  is  helping  designers  ^ 

and  manufacturers  to  accomplish. 

The  science  of  vibration  con¬ 
trol  and  isolation  has  been  devel¬ 
oped  by  Lord  for  more  than  twenty  ■■ 

years.  This  accumulated  experience  ■ 

IS  available  to  you,  without  cost, 
whenever  you  are  faced  with  a  vi- 
bratio'n  problem. 

Write  for  free  literature  which 
will  bring  you  up  to  date  in  factual 
information  on  vibration  control. 

Lord  Vibration  Engineers  will  work 
with  you  to  bring  your  product  to 
new  standard  of  perfection. 


Buy  Mor*  W«r  Bonds 


IT  TAKiS  tuiaiR  On  S^ean  to  assors  virration 

LORD  MANUFACTURING  COMPANY  ( 

ERIE.  PENNSYLVANIA 


Whac  does  one  designer  build  into  his  product  that 
makes  it  sell  at  a  profitable  price,  while  a  competing 
article  loses  money  for  its  producer? 

Little  thif^s,  often  hidden  things.  Little  things  that 
make  a  big  di^rence,  like  Lord  Shear  Type  Mountings  , 
of  Bonded  Rubber. 


"  r 


Design  value 


goes  beyond 


price 


They  are  the  first  radio  tower  insulators  made  in  this  country. 


They  were  designed  and  built  by  Locke  for  the  original  wire* 


less  telegraph  stations. 


That  was  a  long  time  ago  and  every  day  since  has  added  to 


Research  facilities  available 


our  skill  and  experience. 


nowhere  else  in  the  industry  have  been  in  constant  use  find¬ 


ing  better,  simpler, -lower  cost  methods  of  producing  the 


finest  in  radio  insulators. 


Whether  your  requirements  are  standard  or  special,  we  think 


you  will  find  them  better  filled  by  Locke. 


INSULATOR  CORPORATION 

BALTIMORE,  MARYLAND  " U 
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A  COMPLETE 
''CLAY’’RAMIC 
SERVICE 


For  every  electrical,  chemical  and 
mechanical  application,  Locke  has  un¬ 
rivalled  facilities  for  the  production 
of  fired  clay  pieces  by  every  known 
ra^hod. 


(1)  Dry  Process  —  Porcelain  and 
Steatite 


A  process  ideally  suited  to  the 
production  of  certain  pieces  with 
reasonable  tolerances  and  ade¬ 
quate  mechanical  and  electrical 
strength. 


(2)  Vacutite  Process — Porcelain  and 
Steatite 


A  process  developed  by  Locke 
for  forming  intricate  pieces. 
Close  tolerances.  Mechanical  and 
electrical  strength  almost  equal 
to  wet  process. 


(3)  Wet  Process  —  Porcelain  and 
Steatite 


The  standard  process  for  the 
production  of  high  voltage  in¬ 
sulators,  and  porcelain  for 
mechanical  and  chemical  applica- 
tions.  Exceptionally  strong 
mechanically  and  electrically. 


Locke  Wet  Process  porcelain  and 
Locketite  is  produced  by  the  follow¬ 
ing  methods,  the  selection  of  method 
depending  upon  the  piece. 

(1)  Pugging  (5)  Jiggering 

(2)  Ram  Extrusion  (6)  Plastic  Press 

(3)  Wet  and  Dry  (7)  Core  Casting 
Turning  (8)  Drain  Casting 

(4)  Plunging  (9)  Throwing 
and  certain  other  methods  which  at 
the  present  have  only  limited 
application. 


Other  clayramic  products  will  be 
available  in  the  future  to  meet  special 
conditions.  Whatever  your  problem, 
our  experienced  electrical,  mechanical 
and  ceramic  engineers  will  be  glad 
to  help.  Their  services  have  resulted 
in  material  savings  in  money,  time 
and  critical  materials  to  other  manu¬ 
facturers.  Perhaps  they  can  help  you. 


f 


Lighting  systems  —  radio  transmitters-^  ventilating  equipment  —  telephone 
circuits  and  a  multitude  of  other  operations  must  often  be  controlled  from  a 
remote  point  in  varying  sequence.  Of  itself  remote  control  —  even  in  varying 
sequence  —  is  no  insurmountable  obstacle.  Physical  or  economic  factors,  how¬ 
ever,  often  dictate  the  use  of  only  a  single  conductor  of  radio  carrier  wave 
circuit  as  the  control  medium.  Such  control  is  possible  only  if  the  operation- 
selective  device  possesses  high  sensitivity  and  critical  reponse.  The  W&T 
Torsional  Relay  —  stable  over  a  wide  range  of  ambient  temperature  and 
pressure  —  was  developed  to  fulfill  this  specific  requirement. 

W&T  Torsional  Relays  provide  low  cost,  dependable  variable  sequence 
control  which  can  be  made  completely  automatic  with  the  addition  of  W&T 
monitoring  units. 


electronics  — December  1944 


u 


i 


WITCHEll 
^  iti  TRIPLE' 


■"and  oMi 

strength  ^ 


tubing 


known  insulating  slooving 
WHILE  MAINTAINING  ITS 
DIELECTRIC  AND  OTHER 
PROPERTIES. 
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burning 
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resistance 


extreme 


...ond  TRIPLE-STRENGTH  will 


...and  iKirLC-DiKcn\»in  wm  i 
withstand  more  abuse  and  JJ 
rough  handling  than  any' 


M-R  TRIPLE-STRENGTH  Plbarglof 
TUBING  WON’T  BRUISE  or  FRAY 
...  Is  the  OPTIMUM  for  LONG 
LIFE. ..HIGH  DIELECTRIC... TEN¬ 
SILE  STRENGTH  . . .  FLEXIBILITY 


for 

MTIARS 
fNi  iUCTWCAl 
mfUIATlOW 

MiPPOMARTW 


A  Sample  Cord  of  Vor„,sh 

o7jri  .Zd  »°b.eT 

AU  “ook  oTl  -“^n.shed  tubing  sitej  **11/*^  '’'ot.rioli,  moth- 

All  A»E  FREE  FOR  YOUR  ASKINg'"*"'  '"*“'“'‘005  *»  •  -  Wo,  ond  Compoon^ 

''OU. 


Jy*.  ".'I' 

CobI,  EiiijL,-  „ Twines 
J^'cfion  Tope  o^d  VpliV/ 

Transformer  Compounds 


T  .  ^  '■•'tE  for  your  asking  '"‘"'“'ions  . .  Compound 

MlTCHELL-PiiAir^  i^r«.  ^^tterhead 

>^«RRay  street  COMPANY,  INC. 

Tope  and  Cln.k  a  new  YORK  7,  N,  Y. 


A  rARTIAL  LIST  OF  M  B  bd/s.^ 
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yes,  Am  you  ^ 
CAWh  BEAT  THUR  ? 
PLASTIC  PARTS 


THESE  GENERAL 
INDUSTRIES  MOTORS  ARE 
CERT  Amy  SMOOTH 


Small  motors  and  molded 
plastic  parts,  both  from 
General  Industries,  meet 
frequently  on  assemble 
lines  of  leading  manufac¬ 
turers.  When  they  do, 
they  match  up  with  pre¬ 
cision  because  of  the  care 
and  ability  which  goes 
into  their  manufacture. 


YOU  CAN  DEPEND  UPON 

raOM  e.BNERAl  industries 


Our  Smooth  Power  drives  have  been  proved  for 
years  in  our  own  lines  of  recorders,  recwd-changers  and 
turntables.  Their  quick  pickup,  unvarying  speed, 
velvety  smoothness  and  dependability  have  kept  them 
favorites  for  many  peacetime  products,  and  have  been 
responsible  for  their  wide  military  use.  Most  buyers  find 
what  they  want  in  our  standard  lines,  but  when  specifi¬ 
cations  are  unusual,  we  design  and  build  them  to  ofder. 


E  N  E  R  A  L 

NDUSTRIES 

'  COMPANY 


E  LY  R  I  A 


>  *  *  In  our  molded  plastics  division,  your  blue¬ 

prints  or  sketches  get  close  scrutiny  by  engineers  who 
know  plastic  compounds  and  how  to  use  them.  Our 
mold  designers  study  every  job  to  find  ways  of  doing  it 
better,  quicker  and  mcwe  economically.  As  for  close 
tolerances  and  fine  finishes,  we  refer  you  to  the  assembly 
men  and  inspectors  in  the  many  plants  which  depend 
upon  us  for  their  molded  plastics. 

So,  you  can  depend  upon  General  Indus¬ 
tries  for  your  postwar  needs  in  both  these 
products.  You’ll  save  time  hy  starting 
general  discussions  now,  to  be  followed  by 
details  when  our  military  commitments 
have  heen  finished.  Please  address  the  spe¬ 
cific  division . . .  motors  or  molded  plastics. 


H.  CTRONICS  — OKcmiwr  1944 


k<T>- 


1 


.  .  .  inia  Wide  Range 
of  Ratings  for 
Single  Hole  Mounting! 


LZZJ' 


■ '  .,1 

»  I  * 

jL  I  ■ 

LOjiJ. 


1>2'  Diameter  2'  and  2>2  Dia. 

Container  Container 


[Working 
Voltage 

in  Mid. 


DIMENSIONS  IN  INCHES 


6EC200 

2.0 

600 

2H 

4xlGihd 

1 

14 

4 

6EC300 

3.0 

600 

4H 

IH 

4xl6thd 

1 

14 

4 

6EC400 

4.0 

600 

4V^ 

14 

4xl6thd 

1 

14 

4 

6EC600 

6.0 

600 

4 

2. 

lzl4thd 

14 

1 

6EC800 

8.0 

600 

4H 

2 

IzUthd 

14 

1 

6EC1000 

10.0 

600 

4 

24 

lzl4thd 

■  1’^ 

14 

1 

lOEClCO 

1.0 

1000 

2H 

14 

4xl6thd 

1 

14 

4 

10EC200 

2.0 

1000 

14 

4sl6thd 

1 

14 

4 

10EC400 

4.0 

1000 

4 

2 

IzUtkd 

1’^ 

14 

1 

10EC600 

6.0 

1000 

4 

24 

IzUthd 

14 

14 

1 

10EC800 

9.0 

1000 

5 

24 

IzUthd 

14 

14 

1 

15EC50 

.5 

1500 

2H 

14 

4xl6thd 

1 

14 

4 

15EC100 

1.0 

1500 

4H 

14 

4si6thd 

1 

14 

4 

45EC2(X) 

1500 

4 

2 

IzUthd 

14 

14 

1 

i5EC400 

1500 

4H 

-24 

IzUthd 

14 

14 

1 

All  of  the  Above  A.W.S.  Army-Navy  Submersion 
Proof  Units'Available  in  Production  Quantities  for 
Prompt  Delivery.  Write,  Wire  or  Telephone  —  Now! 


' ,  ■' 


\ 


0 


Telephone:  Michigan  9656 

7^ 


318  West  Schiller  St 


Chicago  10,  Illinois 
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F  HYDENT  cooneaors  bad  no  other  exclusive  virtues . . .  EE’s  would 
sdll  insist  on  their  use  because  they  sUce  connecting  costs!  Here  is 


about  how  a  cost  comparison  works  out: 


But  on  all  other  counts,  too,  the  HYDENT  (indent-type)  connection  ranks 
equally  high.  It  saves  space,  because  it’s  more  compact;  it’s  strong  mechan¬ 
ically,  efficient  electrically,  and  it  has  proved  beyocKi  doubt . . .  through  ser¬ 
vice  records  extending  back  for  years  . . .  that  irxlenting  is  the  one  way  to 
make  permanent  electrical  connections  permanent. 

For  complete  specifications  on  HYDENT  conneaors,  available  in  all 
types  and  for  all  wire  and  cable  sizes,  write  to  Burndy  Engineering  G>., 
107  Bruckner  Boulevard,  New  York  54,  N.  Y. 

IN  CANADA:  Canadian  Line  Materials,  Limited,  Toronta  13 
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why  so  many  EE’S 
consider  solder  a  — 


virtually  a  stand-off 
a  total  saving 
a  big  saving 


Connector  Cost 
Solder  Cost 
labor  Cost 
(Installing) 


100 

100 

100 


10  to  20 


ELCO  wire-wound  PRECISION  RESISTORS  ore  seeing  active 
duty  on  every  fighting  front.  Their  ability  to  stand  the  “gaff" — 
their  high  degree  of  accuracy — ^makes  them  a' first  "with  the 
BIG  names  in  radio  and  instrument  manufacturing. 


Telephone  -  Watkins  9-4774-5 

OK«mbw  y944  — ELECTRONICS 


Resistors  may  be  YOUR  bottleneck  in 
YOUR  production  schedule.  You  con 
break  this  bottleneck  by  specifying 
ELCO — the  resistors  that  are  meeting 
war-time  deadlines — only  because  they 
are  delivered  when  YOU  wont  them 
os  YOU  wo^t  them — 


PROMPTLY 


SPECIFICATIONS 


15/32  long  x  V:  dia. — Mountabl*  with 
6-32  flat  or  filestei  screw.  No.  21  tinned 
copper  wire  leads.  1  to  300,000  ohm 
value — Vi%  standard  accuracy — non  in¬ 
ductive  pie  wound — Vi  watt,  3i0®  C.  tem¬ 
perature  rise  in  free  air — 100°  C.  maxi¬ 
mum  operating  temperature — 200  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 


iPl 


Same  os  A-1,  with  leads  reversed. 


15/16  long  x  Vi"  dia. — Mountable  with 
6-32  flat  or  filester  screw.  No.  21  tinned 
copper  wire  leads.  1  to  500,000  ohm 
value — '/2%  standard  accuracy — non  in¬ 
ductive  pie  wound— 1  watt,  30*  C.  tem¬ 
perature  rise  in  free  odr — 100*  C.  maxi¬ 
mum  operatiirg  temperature— 300  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 


Same  as  B-1,  with  leads  reversed. 


1-1/32  long  x  y/lO*  dia. — Inductively 
wound — ‘/$  X  .015  strap  terminals — 35  to 
35,000  ohms — 2  watts,  100*  C.  maximum 
operating  temperature — normal  accuracy 
1%.  Baked  varnish  finish. 


1-13/32  long  x  dia. — Mountable  with 

6-32  screw — ■/«  x  .015  thick  strap  terminals 
— non  inductive  wound — 1  meg  ohm  max¬ 
imum  resistance— 600  volts  maximum  op¬ 
erating  voltage — 100*  C.  maximum  oper¬ 
ating  temperature — 1.5  watts — 1%  normal 
accuracy.  Baked  varnish  finish. 


15/32  long  x  Y2  dia. — Mountable  with 
6-32  flat  or  filester  head  screw.  No.  21 
tinned  copper  wire  leads.  1  to  500,000 
ohm  value.  Yi%  standard  accuracy — 
non  inductive  pie  wound  .8  watts,  30* 
temperature  rise  in  free  air.  100*  C.  max¬ 
imum  operating  temperature.  200  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 


114  West  18th  Street,  New  York,  N.  Y. 


C-DAY  WILL  HOLD  A  STOP  WATCH... 


Lewyt  has  set  the  pace  in  contract  manufactory 
ing  ingenuity  through  two  post-war  periods  of  faorf- 
ness  readjustment.  We’ve  had  long  training  in  cost* 
sensitive  specialization.  We’re  ready  to  partner 
with  other  manufacturers  in  producing  their  com¬ 
ponent  electrical  and  electronic  assemblies,  chaaaas 
and  housings  ...  or  complete  units. 

With  our  exceptional  facilities  and  skills  in  elee- 
trical  and  mechanical  parts  manufacture  careltaUy 
developed  through  56  years,  it  will  pay  you  to  talk 
with^us  ...  at  least  write  for  this  48-page  book. 
Ask  for  “Series  B”.  There  is  no  cost  or  obligatto«a. 

•  •  0 

liWYT  CORPOIATION,  62  IROADWAY,  IROOKLYN  II,  N.  f. 
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LET  LEWVT 


THIS  BOOK  ig  designed  to  help  you  prepare  for 
CONVERSION  DAY  ...  it  presents  the  story  of  a 
unique  institution  that  may  have  the  answer  to 
your  production  problem  ...  it  suggests  a  plan  for 
putting  your  new  product  development  in  training 
for  the  post-war  starter’s  gun. 

When  materials  are  no  longer  ear-marked  for  war 
. . .  when  civilian  goods  are  price-marked  for  peace 
. . .  there  will  be  no  glory  or  profit  at  the  finish  line 
for  any  but  the  winners! 

“Cost-Pliis”  profits  will  he  outlawed  . . .  wartime 
regulations  will  give  place  to  time  studies  .  .  .  the 
stop  watch  will  take  over  control  in  the  competitive 
race  for  manufacturing  economies. 


i- 


f  s  ‘{f  blanch  of  rbe  Army 
j  Mod  Navy,  Advance  Relays 
L|j  _  are  dependable  components 

^  t!  ^  electrical 

t  equipment.  Riaory  produc- 
I  f.  “  ***^  all-out  for  Wat/ 
j  but  Engineering  Serviie  for 
1  Eoft-War  p/oduas  is  avail- 
,  f  aoJe  Hotdir 


CO-OPERATIVE  ENGINEERING 
FOR  NEW 

RELAY  APPLICATIONS 

SIMPLIFY  your  product  development  and 
manufacturing  problems  by  calling  on  Ad¬ 
vance  Engineers  for  the  close  co-operation 
they  are  prepared  to  give  you  immediately. 
This  service  not  only  applies  to  adaption  of 
one  or  more  of  the  forty  basic  types  of  Ad¬ 
vance  Relays,  which  are  usually  directly  applic¬ 
able  to  most  modern  electrical  control  require¬ 
ments,  but  may  be  utilized  for  the  develop¬ 
ment  of  special  test  models.  In  any  event,  you 
will  have  the  best  of  relays,  exactly  as  you  want 
them.  Write  today. 


MODEL  J  80  A 


^  nique  research,  engineering,  tool  design^ 
production  skills  combine,  not  only  to  build 
devices  that  fulfill  the  most  exacting  require 
but  also  to  build  special  purpose  devices  for  whIcF 
no  specifications  exist.  Our  list  of  customers,  the 
most  exacting  in  government,  aviation  and  manu 
facturing,  attest  to  these  skills. 


Manufactunn  of  Electrical,  Bectronk  8  Mechan/ca 


EASTERN  AIR  DEVICES,  INC. 

585  bean  Street  •  Brooklyn  17,.N.  Y. 

Ae  AHIliete  ef  THI  rilD  OOAT  CO^  INC,  ftl.  1t«9 

UMI 


AXIAL  PLOW  BLOWER 
AIR  DELIVERY  (FREE  AIR) 
170  (NEMA  CODE) 

65  C.F.M.  (NAFM  CODE) 


60  cycles  •  115  volts  •  single  phase 
capacitor  run  *3100  R.P.M.  *12  watts 
input  •  1  oz.  in.  starting  torque  •  1  mfd. 
condenser  required  •  Weight  16'^  oz. 
Overall  length  3  •  Motor  diameter 

1%'  •  Fan:  4  blade  propeller  type,  4* 
diameter. 

We  invite  inquiry! 
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fkrtinum  tiMtal*  scrap  ond 
r«sidu«t  r«fin«d  and  ra> 
worked  on  foil  chorgot;  or 
pwrchotod  outright  by  u«  . . . 


G— »rtW  Office  60  E.  42imI  ST.,  NEW  YOIK 17,  N.Y. 


\ 

v 

C.  M.  H.  Stainless  Steel  BELLOWS 
Are  Standard  Prodw,ctlon  Items 


AIR  REDUCTION 


Rare  Gases 
and  Mixtures 


ARGON 


NEON 


HELIUM 


XENON 


KRYPTON 


Airco  Rare  Gases  are  pure  and  free 
of  active  gases.  Mixtures  are  blended 
uniformly  and  accurately.  They  are 
available  in  lead  glass  or  PYREX 
containers. 

The  individual  gases  as  well  as 
many  standard  mixtures  are  avail¬ 
able  both  for  production  and  ex¬ 
perimental  use.  Special  mixtures 
can  be  supplied  to  meet  any  need. 


Flexible  Metal  Hose  for  Every  industrial  Use 


C.  M.  H.  Stainless  Steel  B£(XOWS 
are  standard  production  products; 
hence,  shipping  delays  are  mini¬ 
mized.  All  the  advantages  of  Stain- 
•less  Steel  have  been  utilized  in  the 
art  and  craftsmanship  of  C.  M.  H. 
BELLOWS.  They  are  the  solution 
to  both  difficult  and  urgent  re¬ 
quirements. 

C.  M.  H.  Stainless  Steel  BELLOWS 
are  corrosion  resistant  and  operate 
efficiently  at  either  high  or  low  tem¬ 
peratures.  They  have  the  qualities 
required  for  handling  high  pres¬ 
sures — which  may  be  further  in¬ 
creased  by  multiple  ply  construc¬ 
tion,  where  needed.  Ferrous  fittings 
attached  by  circular  seam  weld¬ 
ing,  give  uni-metal  assembly  and 


assure  non-corrosion  of  the  assem¬ 
bled  parts. 

C.  M.  H.  engineers  and  produc¬ 
tion  will  help  you  solve  your  imme¬ 
diate  bellows  problems— where 
they  are  to  be  required  for  valve 
stem  housing  on  vacuum  equip¬ 
ment,  thermostats,  pressure  con¬ 
trols,  valves,  recording  instruments, 
hydraulic  mechanisms,  rotating 
shaft  seals,  or  other  purposes.  Write 
for  complete  information  today. 


Ask  for  Chicago  Motol  Ho$«  Engineering 
Take-ofF  Form  SSB2  on  which  to  submit 
your  bellows  requirements.  It  will  save 
you  time  —  assure  more  accurate,  ex¬ 
peditious  handling. 


r-Writ9  for  Hit  of  Produett. 
Diseutsion  of  toehnical 
problomt  invitod  .... 


SIGMUND  COHN  &  CO. 

41  GOLD  ST  *  NEW  YORK 
5/VCt  A'i  ' 


Stromberg-Carlson  as: 

-rthe  important  radio  unit 
—the  radio  unit  carrying  real 
profit-opportunity 
—the  radio  unit  with  easy-selling 
public  acceptance. 

Plan  your  postwar  sales  program  around 
this  potent  Stromberg-Carlson  theme. 
Youll  find  the  Stromberg-Carlson  “main 
radio”  will  be  a  profit  maker— at  what¬ 
ever  price  the  customer  can  pay  for  his 
choice  of  an  outstandingtable  model,  con¬ 
sole  or  radio-phonograph  combination. 


#  “For  the  main  radio  in  your  home”— 
that’s  the  story  Stromberg-Carlson’s  na¬ 
tional  advertising  is  currently  telling 
through  50,000,000  impressions  in  lead¬ 
ing  magazines. 

“For  the  main  radio  in  your  home”— 
because  there’s  nothing  finer  than  a 
Stromberg-Carlson,  and  your  main  radio 
should  be  a  good  radio— a  quality  musi¬ 
cal  instrument  in  every  respect! 

That’s  the  keynote  of  the  postwar 
Stromberg-Carlson  sales  story. 

And  it  sets  the  theme  of  the  Stromberg- 
Carlson  radio  in  your  plans,  too.  Marks 

For  the  main  radio  in  your  home,  there's  nothing  finer  than  a 

STROMBERG-CARLSON  SVrVlV; 

Radios,  Television,  Telephones,  and  Sound  Equipment 


A  f4-W0l»  Pll-VliW  OP  TNI 
POSTWAI  STIOaOIIO-CAIUON 
DIAlll  PtANCNISI 

1 .  We  will  have— soon  after  Vic¬ 
tory— a  fine  line  of  Stromberg- 
Carlson  FM  and  AM  radios, 
phonograph  combinations,  and 
television  receivers,  in  a  wide 
range  of  pricas. 

X  We  will  have  a  policy  of  dis¬ 
tribution  planned  to  give  every 
Authorized  Dealer  a  good  profit 
opportunity  on  the  Stromberg- 
Carlson  line. 

X  And  the  Stromberg-Carlson 
name  will  be  even  more  widely 
^and  more  favorably  known 
'  than  ever  before. 
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Pndshn  fabricated  DIALS  *  PANELS  *  PLATES 

ingeniously  decorated  with  sharply  defined  markings 


Si 


}l  < 


li-.y 


PACKAGED  METAL  ENGINEERING  ' 

saves  you  time,  money,  labor  on 

INTRICATE,  UNUSUAL,  COMPLEX  JOBS 


'  1 


GRAMMES  Dials,  Panels,  Name  and  Instruction  Plates  reflect 
the  high  quality  work  of  specialists.  Etched,  printed,  or  litho-  ‘ 
graphed,  the  close  tolerance  calibrations  are  sharply  defined, 
markings  easily  legible,  letters  and  holes  accurately  positioned. 
The  multi-colored  decorations  are  plated  and  enameled  by 
specially  developed  processes. 

.  With  69  years  of  precision  fabricating  skills,  broad  "know¬ 
how”  and  cleverly  devised  assembly  methods.  Grammes  can 
save  you  time,  money,  and  materials  on  your  parts  or  product 
...centralized  facilities  provide  economical  production. 

n 

GRAMMES  CONTRACT  SERVICE— COMPLETE  manufacturing soutxe 

k.. available  NOW  for  Research,  Design  and  Engineering— complete 
facilities,  fiom  idea  development  to  post-war  manufacturing— con¬ 
fidence  assured. 


*"Packaged  Metal  Engineering^’ ..  .in  one  package  . . .  one 
‘P!  service ..  .we  take  over  ALL  responsibility,  acting  as  Your 
factory  from  Design  Research  to  Drop  Shipments. 

Ill 

M*  If  you  have  a  metal  fiibrication  problem,  send  for  booklet  "Contract 
Service  by  Grammes”  today. 


GRAMMES  FACILITIES 

•  STAMPING 

•  DRAWING 

•  SPINNING 

•  WIRE  FORMING 

•  ETCHING 

•  LITHOGRAPHING 

•  EMBOSSING 

•  HARD  ENAMELING 

•  DRILLING 

•  WELDING 

•  AAACHINING 

•  SPRAYING 

•  HEAT  TREATING 

•  PUTING 

•  ANODIZING 
(Alumilite) 

•  ENAMELING 

•  TOOLS  &  DIES 

•  LINE  ASSEMBLY 

DECORATED  METAL 
PRODUCTS  SPECIALISTS 

—applying  artistic 
designs  and  finishes 
that  add  beauty  and 
color  to  your  product. 


MORE  THAN  A 
BILLION  PIECES 
OF  WAR  PRODUCTS 


L  F.  GRAMMES  &  SONS,  INC.,  112  Union  Street,  ALLENTOWN,  PA. 

NEW  YORK  CHICAGO  OETROIT  CLEVELANO  MILWAUKEE  PHILADELPHIA 


/w 

platTnum 

AND 

SILVER 

for  electronic  use 


PLATINUM 

WIRE  •  Foil  •  RIBBON 
SEAMLESS  TUBING 


SILVER 


SHEH  •  WIRE 
BRAZING  AUOYS  &  FLUX 


THE  AMERICAN  PLATINUM 
WORKS 

Refiners  &  Manufacturers 

N.J.R.R.  Ave.  at  Oliver  Street 
Newark  S,  N.  J. 


,  y- 


EQUIPMfNT 


ELECTROHIC  EQUIPMENT 

QUARTZ  CRYSTALS 

% 

•  1 

MANUFACTURING 

tNGINiERING  I 
DFSIGNING 

&  1  m 


REX  BASSETT 

IMCORPORAtED 
FORT  LAUDERDALE 


lECORATED  METAL  PRODUCTS  •ETCHED  DIALS  •  PANELS  •PUTES^CONTAQS*  TERMINALS  •CLIPS  *106$ 'ETC 
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SPENCER  THERMOSTAT  COMPANY.  Attleboro,  Moss. 


SNAP-ACTING  CONTROLS 


Small,  compact,  light-in-weight  Klixon  Snap- 
Acting  Controls  meet  every  requirement 
whether  it  be  mechanical  design  per¬ 
formance.  They  are  available  for  such  appli¬ 
cations  as  motor  and  transformer  overheat 
protection,  electrical  circuit  overload  protec¬ 
tion,  thermal  tiuie  delays  or  temperature 
control  for  radio  equipment. 

Actuated  by  the  scientifically  calibrated 


Spencer  thermostatic  disc,  Klixon  controls 
snap  the  circuit  ''open*’  to  a  clean  break  or 
"close”  to  a  solid  make  every  time  they  op¬ 
erate.  Their  accurate  operation  is  unaffected 
by  vibration,  motion,  shock  or  altitude.  They 
are  available  in  a  wide  range  of  standard 
types,  such  as  those  illustrated,  with  ratings 
to  meet  practically  all  requirements.  Write 
for  complete  Information. 


Typ*  C-7220  Precision  Snap  Switch. 
12  amps.  30  Volts  D.C.,  125  Volts  A.C. 


Typo  PM  (NaF-1131)  Circuit  Breaker, 


Type  ER  Series.  Ambient  Compensated 
Time  Delayed  Relays. 


Type  C-2851  Thermostat.  For  such  use 
as  Roughing  Controls  on  Outer  Crystal 


Type  RT  Thermostat. 
Adjustable  H 

Temperature  H 

Control.  H 


Type  B-3120  Thermostat 

■  and  Heater, 

Crystal  Dew 
Point  Control. 


Type  C-4351  Thermostat.  Used  for  Tube 
Warming,  Tube  Cooling,  High  Limit 
Controls,  etc. 
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M«chaiuc«l  shaking  —  one  hundred  and  twenty  times  a  minute 
through  a  one  inch  stroke  for  a  full  hour— on  this  Government  bronco 

...a  rougli  ride  for  any  instrument— but  J-B-T  Vibrating 
Reed  Frequency  Meters  take  this  slamming  in  stride— 
with  accuracy  unaffected.  They're  rugged. 

During  the  run,  meters  are  rotated  in  the  clamp  to  siibject 
the  reeds  to  stress  and  shock  not  only  in 
their  normal  plane  of  operation  but  also  in 
cross  plames.  They  also  undergo  24  hour  J 
vibration  tests  and  single  impact  shocks  of  /  «— / 

50  G's  and  edx>ve— through  all  planes. 

Here's  where  the  designer's  specifications  compivt*  line  of  J-l 

Vibiating  Rood  Fi 

of  base  inserts,  lock  weushers  at  every  criti- 
cal  point,  polymerized  finish,  and  similar 
precautions  prove  their  worth..  I  PJ.I 


(Monufocturod  undor  Triplotl  Polonts  and/or  Patonts  Ponding) 


cQVJtHCy 


I. 


AMPLIFIER 


Plug  in  for  AXX  or 
voH  auto  battoiy:  no 
power  podinoooHary. 
Uaee  mike  and  buOinn 
phono  at  eame  time. 
7t  RPM  motor,  9- 
inch  tumtabie,  eryetal 
piekMip,  eeparato  on- 
off  ewitoh.  Lone-play¬ 
ing  needle  induded. 
Coatinoouely  variable 
tone  control  on  in- 
dined  eyo4evel  eon- 


trol  paneL  Uee  one  er 
two  S-ohm  apeakoia 
without  need  of  extra 
traneformer.  Hae  one 
•8J7GT.  one  68C7. 
two  6L6Ga  in  pueh- 
puU.two«X50Te. 
Model  67S0.  with 
tubee,  F.O.B.  New 
York  $56.38 
Modd  9791,  eame  ee 
9720,  leee  phono  play¬ 
er  $42.87 


TERMINAL  RADIO  CORP.I 

15  CORTIANDT  ST.  MEW  YORK  )  M  Y. 
PHOME  WOfIR  ?  4415 


r  . 


r.' 


J-B-T  INSTRUMENTS,  INC 

431  CHAPIL  STRUT  •  NIW  HAVIN  S,  CONNICTICUT 


Finch  Telecommunications,  lnc,> 
Passaic,  N,  J. 
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I 


l'.:T 


Tji»j^rA*jli Hmg 


cnuwagB 


llPRONTf^ 


■DELPHIA] 


IFT.  WAYNEl 


rsT.  Louia 


MEMPHIS! 


ATLANTA] 


■OSTON  WfFALO 

IS  HiiMii>t«M  An.  S47  »wt  tUf. 
Main.  N.  K,  W,  N»  y«4  iM* 

Man,  Caaa.,  R.  L  lati^t  Naw  Tait  Cty' 


Daa  H.  IwcSaat 
PORTIANO 
SI7  S.  W.  Oat  $t 
WaiA.  On,  Waha. 
Maat,  k.  Cai,  aad 


OAUAS 

inOQrilRaSt. 


MINNEAPOUS  NFW  YORK 

Aaiiaai  Hatai  27  Pait  TUaa 

Miaa,  N.  Dat,  S.  Dat,  Naa  Varil  Cty  aaj 
la,  Watlani  Wia.  Na«  Janay  aatlli  al 


SIMPSON  ELECTRIC  COMPANY 

5200-5218  Kinzie  Street 
Chicago  44,  Illinois 


Buy  War  Bonds  and  W  Stamps  for  Victory 
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SALT  LAKE  OTV 

SAN  FRANCISCO 

ST.  LOUIS 

WASHINGTON 

TORONTO 

WINNIfEG 

1143  AfdiK 

•1  E.  Fait  SI, 

470  MaAal  St 

IllSOtvaSt 

S.K.  MacOaaaU 
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At  your  servic*  are  a  group  of 
highly-trained,  precision  workmen 
specialixing  in  production  of  varied 
electronic  testing  equipment,  sub- 
assemblies,  and  other  small  quantity 
produaion.  Their  valuable  experi¬ 
ence  and  thorough  knowledge  of 
electronics  nuy  be  just  the  answer 
you're  looking  for. 

Also  at  your  service  are  our  com¬ 
plete  metalworking  facilities  for 
making  screw  machine  products 
and  small  parts. 

We  are  prepared  to  give  imme¬ 
diate  attention  and  proAipt  deliver¬ 
ies  on  all  orders.  For  Airther  in¬ 
formation,  write  or  wire  .  .  . 


New  R-B-M  400  Cycle  Relay 


Designed  esp^ially  to  meet  the  exacting  requirements 
and  severe  operating  conditions  of  fast,  modem  aircraft, 
this  new  R-B-M  400  Cycle  Relay  is -light  in  weight,  high 
speed  in  operation,  completely  sealed  against  dust,  and 
not  alfected  by  vibration.  It  is  thoroughly  insulated  to 
prevent  phase  arc-over,  and  contact  bounce  has  been 
reduced  to  an  absolute  minimum.  Rigidly  tested  under 
all  conditions.  Now  being  used  by  leading  airplane 
manufacturers.  Available  for  many  applications.  Send 
complete  specifications  today.  Write  Dept.  A- 12  . .  • 

^  R-B-M  Manufacturing  Company 

^  'Diptsien  tf 

Essex  Wire  Corporation 

Logansport,  Indiana 


'  Pnrad  M  a  acnlpIcH:  when  his  masterpiece  is  imveiled 

Sincere  pride  is  a  natural  trait  of  everyone  at  R-B-M... 
justified  pride  in  the  advanced  design  and  precision 
manufacture  of  every  product;  enthusiastic  pride  in  its 
wide  approval  and  acceptance.  An  important  reason  why 
R-B-M  is  a  leader  in  its  field. 


HAVE  YOU 
A  PROBLEM 


Nqtiona!  Distributor 
135  LIBERTY  ST.  New  York  6. NY, 


-  RELAYS,  SOLENOIDS.  SWITCHES  AND  CONTROLS 

.|.•..F0R  ELECTRICAL.  ELECTRONIC  AND  INDUSTRIAL  USE 


’Vo**’®"?* 


H 


1 


THE  SWITCHES  or 

HUNDREDS  OF  APPLICATIONS 

Line,  S/irfe,  Rotary-A<tion  Types 
Inexpensive  bvt  Dependable 


pROM  post-war  radio  equipment  to 
^  toys;  from  instruments  to  ap¬ 
pliances.  Stackpole  switches  afford  a 
complete  engineering  selection.  They 
are  compact,  dependable,  low  in 
price,  and  are  subject  to  countless 
adaptations  designed  to  match  your 
specifications  exactly. 

Standard  types  include  1-,  2-,  3*« 


and  4-pole  styles,  with  or  without 
spring  return,  detent,  or  other  op-, 
tional  features.  3-position  and  various 
other  types  are  available.  Write 
today  for  a  copy  of  the  36-page 
Stackpole  Electronic  Components 
Catalog  including  Switches,  Fixed 
and  Variable  Resistors  and  Iron 
Cores  for  a  variety  of  uses. 


STACKPOLE  CARBON  COMPANY,  St.  Mary’s,  PA. 
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SS  2  FOR  LOOP  OR  OUTSIDE 
ANTENNA  SELECTION 


SS-7 


SS-2  POWER  TITANS  PRIMARY  TAPS 
OR  #prC  -D  C.  CHANGE  OVER 


tPSS-3  MAY  BE  USED 
^  AS  VARIABLE  TC  it 


WAVE  BAND  SWITCH 
INSTEAD  OF  SS-3 
AND  SS-7 


S'5-7  FOR  FIXED  SETTING  FOR  * 

bat.-a.c.-d.c.  operation 


OTHER  STACKPOLE  PRODUCTS 

BRUSHES  •  CONTACTS  (AH  carB<NA  graphic,  mmtal,  omd  compewfrM  lyp»t)  WELDING  CARBON  PRODUCTS 

POWER  TUBE  ANODES  PACKING.  PISTON,  and  SEAL  RINGS  VOLTAGE  REGULATOR  DISCS 

BATTERY  CARBONS  POWDER  METALLURGY  COMPONENTS  RHEOSTAT  PLATES  and  DISCS,  ofc. 


i 


.  .’i 


NUMBERALL  STAMP  &  TOOL  CO. 

HUGUENOT  PARK  STATIN  ISLAND  1 N.  Y 


Announcing 

RAWSON 

^^ELECTROSTATIC 
gPH  VOLTMETERS 

Type  518 


Measure  true  R.M.S.  values  on 
A.C.,  no  waveform  or  frequency 
errors.  Leakage  resistance 
greater  than  one  million  meg¬ 
ohms. 

No  power  consumption. 
Venr  smaH  capacity  current  on 


Available  in  ranges  from  1000 
volts  to  over  20,000  volts  full 
scale.  Rugged,  well-damped 
movement. 

Accuracy  better  than  1% 

RAWSON  ELECTRICAL 
INSTRUMENT  CO. 

Ill  Potter  St..  Canbrtd9e  42.  Matt. 


A  tingle  wheel  Stamp  tor  stamping  figures 
and  letters  on  brass,  aluminum  or  toft  steel; 
also  plastic  and  wood,  with  but  a  tingle 
hammer  blow.  All  figures  on  I  wheel;  en¬ 
tire  alphabet  on  2.  One  stamp  replaces 
12  individual,  hand  stamps.  Wheel  of  tool 
steel.  Characters,  engraved  for  maximum 
stamping  service,  fur- 
nished  any  size  from 

supplied  with  shank 
i  for  press.  Write  for 


You  C 
tages 
merits 
Steels 
For 
practi 
to  as! 
quali 
uniqu 
ixilled 
suppli 
gives' 
opera 
steel. 


We  alto  make  nu(n- 
berlng  machlew... 
automatic  and  non- 
automatic  ...  ter 
stamping,  either  hot 
or  cold,  numbers 
and  letters  Into 
various  materials. 


a 


y  t: 


A  GUARANTltD  W[LD  THICKNfSS 


low  core  loss  and  exceptional  perme 


ability ;  steel  that  is  ductile,  nat  and  [ 
clean-surfaced. 

Write  for  data  on  Armco  Electri 
cal  Steels  for  specific  jobs.  We’ll  be 


glad  to  supply  you  with  the  infer 


mation  you  need.  Just  address  The 
American  Rolling  Mill  Company, 


You  can  have  the  fabricating  advan¬ 
tages  of  coils  for  all  regular  require¬ 
ments  when  you  use  Armco  Electrical 
Steels. 

For  those  grades  where  cold  rolled 
practice  has  not  yet  been  developed 
to  assure  coils  of  highest  magnetic 
quality,  Armco  has  perfected  a 
unique  method  of  butt- welding  hot 
rolled  sheets  into  coils  which  can  be 
supplied  as  narrow  as  one  inch.  This 
gives  you  the  advantage  of  continuous 
operations  fcH"  all  grades  of  silicon 
steel.  Weld  thicknesses  are  guaran¬ 


teed  to  be  within  the  thickness  toler¬ 
ance  of  the  sheets.  Magnetic  quali¬ 
ties  are  not  affected  by  the  welds. 

This  way  you  can  save  time,  labor 
and  steel  by  using  coils  for  all  stand¬ 
ard  operations.  There  are  relatively 
no  end-of-strip  scrap  losses.  And 
besides  being  easier  on  dies,  coils  help 
step  up  production  by  eliminating  all 
“hand-feeding”  to  presses. 

Whether  you  need  coils  or  sheets, 
there  is  a  grade  of  Armco  Electrical 
Steel  for  every  requirement.  ^You  will 
get  steel  of  top  magnetic  quality  with 


2601  Curtis  Street,  Middletown,  O. 

EXPORT;  THE  ARMCO  INTERNATIONAL  CORPORATI^I 
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Higher  Dielectric  Strength— Longer  Life 

Can  Be  Built  into  Your  Equipment 


ree  Varnish  Man  Nearest  You. 


BEQOIBENENT 


r.4.  STOKES  MACnflNE  OO. 
6046  Tabor  Kd..  PhUa.  SO.  Pa. 


^  Vacuum 

I  vliftinraiiiT 


.neer»««'»®loir5oc\Vrt^ 


Because  of  the  accurate  control  of  all  production  and  strict 
adherence  to  carefully  developed  formulae.  Pedigree  varnishes 
are  uniformly  high  in  dielectric  strength. 


In  addition,  they  provide  resistance  to  oils,  acids,  alkali,  and 
abrasion. 


coSf 


5200  North  Second  Street 


St.  Louis,  Missouri 


Double  arm  armature  assem¬ 
bly  of  stainless  steel  shaft, 
operating  in  a  marine  brass 
voKe.  Heelpie-;e,  core  and 
ofjj^oture  asserribly  are  of 
mognetic  imetal. 


I  ■yttMUW 


High  voltage  sdring  pile-up 
insulators  of  special  heot- 
treated  Bakelitei.  Has  mini¬ 
mum  cold  flow  properties,  low 
moisture  absorption  content 
and  permits  punching  without 
cracks  or  ijhecks 


Contacts  ore  welded  to  nickel 
silver  springs  by  Special  proc¬ 
ess  May  be  Inf  precious 
metols  or  alloys  n  12  differ¬ 
ent  standard  or  sbecial  types 
arid  siz'is. 


RESISTANCE 


CLARE  "CUSTOM-BUILT”  RELAYS 

Cm  be  liepeiided  on  under  most  severe  tondhions  of  Tenperatare 
. . .  HunMHy . . .  Atmospheric  Pressure . . .  Voltage ...  or  VibroHon 


The  Qare  Type  "C”  d.c.  Relay,  like  all  Clare  "Custom-Built”  Re¬ 
lays,  has  that  unusual  flexibility  of  design  that  permits  the  design 
engineer  to  have  just  the  relay  for  the  specific  function  required. 

By  "custom-building”  the  Clare  Type  "C”  Relay  in  this  way,  Clare 
assures  exception's!  service  in  spots  where  hard  usage,  long  life  and 
absolute  dependability  are  of  prime  consideration.  Severe  conditions 
of  temperature,  humidity,  atmospheric  pressure,  voltage  and  vibra¬ 
tion  are  met  by  including  in  the  relay  construction  the  particular 
Clare  feature  or  features  to  meet  them. 

The  Clare  Type  "C”  Relay  can  be  "custom-built”  to  work  perfectly 
under  conditions  that  call  for  definite  times  for  operation  and  release 
of  the  relay,  high  speed  keying  without  contact  chatter,  marginal 
operation  which  may  include  close  pick-up  and  drop-out  values,  the 
transfer  and  switching  of  high  frequency  circuits . . .  and  many  others. 

Design  engineers  have  found  the  innumerable  contact  arrangements 
possible  with  the  Clare  Type  "C”  to  be  valuable.  Some  of  the  impor¬ 
tant  uses  to  which  these  relays  have  been  put  include: 

#  Sequence  control  of  machine  tools 
#  Radio,  radar  or  other  electronic  controls 
•  Electric  eye  controls 
•  Counting  equipment 
#  Alarm  systems 

Pictured  and  described  here  are  some  of  the  special  Clare  construc¬ 
tion  features  that  make  it  possible  for  Clare  Relays  to  so  effectively 
reduce  overall  relay  cost,  simplify  installation  and  insure  bener  and 
more  dependable  performance. 

Clare  engineers  are  ready  at  all  times  to  assist  in  developing  a  relay 
"custom-built”  to  your  exact  requirements.  Send  for  the  Clare  catalog 
and  data  book.  C.  P.  Clare  &  Co.,  4719  West  Sucnyside  Avenue, 
Chicago  (30),  Illinois.  Sales  engineers  in  all  principal  cities.  Cable 
address:  CLARELAY. 


Cvttom-Bwilt”  Mwitiplu  Coatoct  Rulayf  for  Elactrlcol,  Clactroaic  and  ladastrlal  Uta 
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THAt  GIVES  YOU 
EVERYTHING' 


BROi^DCAST  ENGINEERS 
-  POLICE  RADIOMEN 

WilGi  Noiat! 

— ^ion  your  phasing  and 
tiirting  gear  problems 


TUBE  AND  SET  TESTER 

A  Otkign  ^ov«n  by  ov«r  S  years  pro* 
ductlon  of  tkousends  of  this  model. 

^  Operetrofl  es  simple  as  ABC.  Multi- 
secfion  posh-buHon  switches*  do  all 
work.  Simply  "follow  the  arrows" 
for  tube  checking.  No  roaming  test 
leads  for  the  multimeter. 

A  Open  face  wide  scale  4*/|*inch 
rugged  meter  built  especially  for 
this  tester — 500  microampere  sensi¬ 
tivity. 

A  Each  AC  and  DC  range  individu¬ 
ally  calibrated. 

A  Professional  appearance.  Solid 
golden  oak  carrying  case. 

A  Guaranteed  Roctifier. 

sPimcAims 


OHMIMCTCfl: 

a>200‘2000-20.000  OHMS 
0>2-20  MCQOHMS 

SATTCflV  TtST; 

Check  Dry  Portable  **A**  and  ••B**  Bat* 
teries  Under 

CONDENSCIT  CHECK; 

Electrolytic*  checked  on  EnKlUh  BeadlnR 
Scale  at  Bated  voltages  ot  2S«S0«100* 
200*250-300-450  volt*. 

TUBE  TESTEB: 

Eml**lon  type  with  noise  test*  Hoatins 
filaments,  easy  chart  operation*  Checks 
all  receiving  type  tybes. 

POWEB  SUPPLY: 

IIS  volts  SO  cycle.  Special  voltage  and 
freddency  ppon  request. 


SUPREME 


•  Let  us  know  «ots<  your  requirements 
and  specifications  for  phasing  and  tun¬ 
ing  gear  for  your  directional  antenna. 
Andrew'  custom  built  equipment  will 
again  become  available  as  soon  as  Uncle 
Sam  releases  our  engineering  and  man¬ 
ufacturing  facilities  from  produaion 
for  war. 

This  release  may  come  at  any  moment. 
Be  sure  that  your  needs  are  listed  at  the 
top  of  our  peace-time  back-log.  *1110 
planning  you  do  now  will  speed  >tHir 
own  reconversion  to  the  new  high 
standards  of  the  future. 

Andrew  engineers  will  gladly  apply 
their  years  of  skilled  experience  to  the 


solution  of  your  special  problems  in  the 
field  of  direaional  antenna  equipment : 

•  Phasing  networks  and  equipment 

•  Antenna  tuning  uniu 

•  Remote  reading  antenna  ammeters 

•  Phase  monitors 

•  Coaxial  transmission  lines  and 
accessories 


ANDREW  CO. 


363  East  75th  Street 
Chicago  19,  Illinois 


AKELITE  SHEETS, 
ODS  AND  TUBES 


■ 

We  ran  furnish  Army  and 
Navy  specifiration  materials 
from  our  representative  local 
stocks.  On  special  mill  ship¬ 
ments  ave  can  give  prompt 
delivery.  Also  complete  fabri-  j  j 
cation  service  backed  by  20  t  - 
years  of  experience.  I 

ELECTRICAL  | 

INSULATION  CO.*  INC. 

12  Vestry  St.,  New  York  13,  N.  Y. 


SUPREM^:  instrumenYs  Corp 
CpeYhirootl,  Miii.,  V.  S-  A- 
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DR8008 


A  NEW  IMPROVED  RECTIFIER. .. 

TO  REPLACE  THE  872  A  .  .  WITH 
ONLY'  A  CHANGE  IN  SOCKET.. 


DR8008,  with  Longer  Pins,  Wider  Base 

provides  better  filament  contact  and  insures  longer  tube 
life.  The  longer  pins  and  wider  base  of  the  DR8008  give 
positive  filament  contact  and  eliminate  almost  all  pin 
resistance  heretofore  encountered  with  the  872A. 


Other  notable  improvements  such  as  dome  type  anode, 
glass  boot,  filament  with  large  emission  surface  and 
bottom  closed  shield  plate  combine  to  give  greater  dura* 
bility  and  performance,  as  well  as  longer  tube  life. 

SPECIFICATION:  10,000  volt  inverse  peak.  Extensively 
used  for  power  supplies  from  1,000  to  5,000  volt  output. 
Current  output:  2  tubes,  2V^  amperes. 


CHICAGO  47,  1917  NO.  SPRINGHEID  AVE.  •  101  HAZEL  STREET,  PATERSON  3,  N,  J.  •  EXPORT  DEPT,  85  8ROAD  STREET,  NEW  YORK  4,  N.  Y. 
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POCKET  TESTERS 


P^CHECK  THE  TYPES  AND  QUANTITY 

Estimate  your  future  equipment  needs  and  place  a  ttntstive  post-war  order  for 
them  with  your  iohber  now.  This  foresight  will  enable  him  to  stock  the  Triplen 
instruments  you  will  need,  and  will  assure  you  cjuicker  resumption  oP  civilian 
business.  Give  best  priority  you  can  obtain  to  facilitate  deliveries  as  production 
is  available. 

Got  the  eompteto  Hat  uf  Triplett  inatrumemte  end  radio  teat  eiiuipment. 


Triplett 

ELECTRICAL  INSTRIIMENT  CO.  bluffton,  ohic 


EISLEJl  ELECTRONIC 
EQUIP^MENT.  .  .  the  plus 
'  L  ..T  ,  b  ^  factor  in  tube  manufacture 

fiHHinminffiiii - 


•li  Your  n«e<is  cir«  urgent 
take  advantage  ol  our  ex> 
ceptionally  large  and 
complete  stock  of  radio* 
electronic  supplies  and 
ports.  Most  orders  can  be 
filled  ImmediotelY  from 
stock,  and  sh4>ped  the 
senne  doy  received. 

And  to  help  you  order  Just 
what  you  need,  we  have 
the  big  Dalis  catalog 
which  is  yours  for  the  ask¬ 
ing.  Write  on  your  busi¬ 
ness  letterheod  for  your 
copy. 


•  Try  Dalis — just  wire, 
'phone  or  wrife  .  .  . 


(TOP)  No.  23-81  Stem  Machina,  on*  e( 
Mvaiol  in  tha  EISIER  lina,  tpaadt  pro-, 
duction  and  raducat  braokoge  lottat. 
(RIGHT)  No.  VS-l  Butt  Waldar,  hat  tim- 
plifiad  control,  and  otturat  parfact 
waldt  with  minimum  domoga  to  matol 
groin  ttructura. 

(EXTREME  RIGHT)  No.  11-TU  Gloii 
Tuba  Slicar,  mokat  claor,  thorp  cutt — 
doat  not  raouira  tkillad  oparotor. 


Thd  CHAS.  EISLER  tppciaiixMl  facililiM  ora  twpplyiiHI 
high-dfliciancy  manual,  automatic  and  tomi-outomatk 
machinory  for  vacuum  tubo  and  oloctronic  componont 
production.  Hundrodg  of  dovlcoc  for  ovory  phoso  of 
manufacturo  aro  inciudod— glass  tubo  slicors,  stom 
and  coaling  machinog,  flaring  units,  laboratory  ap> 
paratus,  otc.  A  noto  on  your  company  lettorhoad 
will  bring  details  without  obligation;  write  today. 

it  EISIER  tervat  98%  of  Amari. 

con  vacuum  tuba  producari  todoyl 


I  ^ 


ENGINEERING  COMPANY 

PWl3th  STREET  NEWARK  3,  NEW  JERSEY 


.y ;  • 


li.  I  .  I  Al 

Wholesale  Distributors 

RADIO-ELECTRONIC  SUPhMfS  &  PARTS 

17  Union  Squa^ 

NEW  YORK  3,^.  Y. 

Phones:  Algonquin  4-8  )  )  2-3-4-5-6-7 


NEW 

FREQUENCY 

METER 

i  and 

MONITOR 


-©  ^  © 


o 


O0‘ 


For  measunns  and  m<Mutonng  the  earner  frequency  of  a-m  trtinsmitters,  these  two 
£  '  new  G-R  inatruments  offer  many  operating  advantages  over  equipment  formerly 
available. 

With  the  Fre<iuency  Meter,  readings  are  subetantially  independent  of  amplitude 
of  modulation,  input  waveform  and  input  voltage.  Over  very  wide  ranges,  cnanges 
in  any  of  these  do  not  affect  the  meter  indications.  The  instrument  requires  no  di¬ 
rect  connection  to  the  transmitter ...  a  foot  or  two  of  wire  provides  ample  coupling. 
The  indicating  meter  has  six  ranges  with  full-scale  values  of  200  cycles,  600  cycles, 
2  kc,  6  kc,  20  kc  and  60  kc. 

One  of  the  most  useful  features  of  the  Fre^ency  Monitor  is  its  great  sensitivity. 
It  can  be  used  to  monitor  mobile  stations.  The  numerous  operating  conveniences 
•  include:  a  panel  switch  to  select  any  one  of  four  temperature-controlled  quartz 
plates;  a  '*stand-bY”  control  to  main^in  operating  temj^rature  continuously  with 
the  tube  circuits  disconnected;  positive  indication  of  the  direction  of  frequency  de¬ 
viation;  panel  terminals  for  the  audio  output  and  for  the  output  of  the  crystal  buffer 
stage  for  calibrating  or  adjusting  transmitters  or  receivers. 

You’ll  find  that  this  combination  of  instruments  is  one  of  the  best  G-R  has  de¬ 
veloped  for  high-frequency  communications  monitoring. 

Because  we  are  in  full-time  production  of  war  orders,  none  of  these  instruments 
are  available  for  shipment,  and  probably  will  not  be  until  after  the  war.  We  ARE 
accepting  reservation  orders,  however,  and  will  fill  them  in  rotation  as  soon  as  pro¬ 
duction  starts. 


r 


FREQUENCY  METER 

R  A  N  6  E :  0  to  60,000  cydea  in  dx  ranges 

ACCMRACV:  ^2%orruUM^ 

INP6T  V0LTA8E:  Any  between  0.25 
and  150  volta 

M  0  •  N T I N  8 :  Relay-rack  muiel;  walnut 
end-framea  (illuatrated)  for  table 
mounting,  extra 

TYRE  1171-8  EREQIENCT  METER 
$185.06 

FREQUENCY  MONITOR 

CARRIER  RAN8E:  1500keto200  Me 

ACCRRACY:  0J)08%  with  our  quartz 
platea 

QfARTZ  PLATES:  Up  to  four,  not  in- 
duded  in  price;  ground  to  channel 
frequency 

M  0  8  N  T I N  8 :  Same  as  Frequency 
Meter 

TYPE  IITS  A  PREQIENCT  MON¬ 
ITOR . $250.00 


A '^ai  CAMBRIDGE  39,  MASSACHUSETTS 

GENERAL  RADIO  COMPANY 


Chicago  5 
Los  Angeles  38 
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WE  INVITi  YOUR 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


Wh«n  a  really  difficult 
coil  problem  confronts 
you,  let  us  demonstrate 
how  our  specfollzed 
research,  engineering 
and  production  skill 
can  solve  it  —  just  as  it 
has  so  many  other 
complex  ossignments. 
Our  engineering  staff 
is  available  for  consul¬ 
tation  without  obliga¬ 
tion. 


uonus  BUY  MORE  WAR  BONDS  ★ 


TANDARD 


INDING  CO. 


44-62  Johnes  Street 
NBWBURGH,  new  YORK 

Ntiv  YORK  OFFICE  53  PARK  PLACE 

J  REctor  2-5334 


Thousands  of  Carter  Products  arc 
faithfully  providing  dependable,  effi¬ 
cient  service  in  leading  communications 
equipment  all  over  the  globe.  Send  for 
latest  Catalog  of  CARTER  PRODUCTS  Today. 
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ESMERALDA  COPE  HAS  TWO  JOBS  .  .  . 


Esmeralda  Cope  is  one  of  many  hundreds  of  women  workers  in 
the  Detrola  Radio  Division  who  now  are  building  land  mine  detectors, 
FM  signal  generators  and  other  electronic  war  equipment.  This  job 
continues  until  Victory.  But  without  detracting  from  this  primary 
task,  many  of  these  workers  are  being  acquainted  also  with  their  post¬ 
war  assignments  on  the  same  production  lines.  Thus  they  will  be 
ready  to  build  hundreds  of  thousands  of  fine  radio  receivers,  auto¬ 
matic  record  changers,  television  receivers  and  other  products  to  en¬ 
rich  the  life  of  a  world  at  peace.  Yes,  Esmeralda  Cope  has  two  jobs. 
And  International  Detrola^s  creed  of  highest  quality  rules  them  both. 


BUY  WAR  BONDS  TILL  VICTORY 


DETROIH  RADIO 

OmSiON  OF  MnWATUHttL  DETItOU  CORPOMTION  .  KMO  AT  CtttTFiaD,  DETMIT I  MOi 


C.  RISSEIL  FELDEKNN 


PIESIDENT 
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GtNfPA 


An  accurate  sif^nal  source  capable  of  supply* 
ing  a  wide  range  of  frequencies  and  voltaaes. 

Frequency  Range  20  C.P.S.  to  5  MC. 

Output  Voltage  1  mv  to  32  volts. 

Power  Output  1  watt. 


BOONTO 


‘fLxmo 


lLh  li 


LABORATORIES 


R  E  EL  E  X 
SPEAKERS 


★ 

RUOORD 

★ 

CONSTRUCTION 

★ 

HlOH 

'k 

pouriR 

★ 

UNIFORM 

★ 

MAN.j^icTUBtiis  Of  TMt  o  fetoutN^Y  moduiated  signal 

#EaT  EBeOl  fNCY  GENERaIO'R  and  OTHES  Wi!ECT  BEAD  NG  TEST  INSTRUMENTS 


MSPONSI 


^  WlATHIR  ^ 
PIOOP 


^  UPLIX  ^ 
SPIAKnS 


AM  THI 
ACCEPTID 
STANOARD 
POR  AU 
WAR 
USE 
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•  •  •  If  your  V'Day  products 
will  require  dry  batteries,  be  sure  to  include  Ray-0*Vac 
in  your  plans.  The  know-how  that  has  solved  so  many* 
portable  power  problems  for  the  armed  forces  can  be  of 
great  value  to  you.  Ray-O-Vac  engineers  are  at  your 
service.  Write  Dept.  I-A. 


RAY-O-VAC  COMPANY,  MADISON,  WISCONSIN 

I  OTHER  FACTORIES  AT  CLINTON,  MASS.,  LANCASTER,  O.,  SIOUX  CITY,  lA.,  FOND  DU  LAC,  WIS.,  MILWAUKEE,  Wisl 


»»RAY-0-VAC 


when  .you  reveal 
your  post-war  line 

BE  SURE  IT’S 
POWERED  BY 
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SEND  FOR 


Free  Booklet 
"Indottfial 
Poper  —  The 
New  Produc¬ 
tion  Answer." 


CENTRAL  PAPER  COMPANY 

INCORPORATED 

2442lAKESHOR{  DRIVE.  MUSKEGON,  MICH 
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6323-27  GUILFORD  AVENUE,  INDIANAPOLIS  5,  INDIANA 


Specialists 

...  in  Assembly  and  sub-assembly 
of  Precision  Electronic  Products 

•  Complete  Facilities  for  Production 
and  Testing  of  Audio  Equipment 

•  Consult  us  with  your  Production 
Assembling  Problems 

RADELL 

CORPORATION 


Microphone  Cables 

RUGGED-FLEXIBLE 


Our  same  high  quality 
control  demanded  by  the 
Army  and  Navy  will  be 
available  to  manufacture 
of  commercial  types  of 
sound  systems  when  ci¬ 
vilian  production  is  re¬ 
sumed. 


A  complete  plant  from  copper  drawing 
to  final  insulating  and  inspection. 

Diamond 

Wire  &  Cable  Co. 

i 

L  Chicago  Heights,  Illinois 


ROCKBESTOS  FIREWMl  RADIO  HOOKUP  WIRE 

Si*esffo.$tto4AWOin  1000  voUraiing.and Ko.lt,  14andl6 AWG 
tn  9000  volt. 

The  first  lightweight,  small  diameter,  flame-resistant 
hookup  wire,  designed  in  1937  and  widely  used  since  in 
airborne  and  ground  communication  systems,  electronic 
devices,  instruments  and  apparatus.  Operating  tem¬ 
peratures  range  from  liS®  C.  to  minus  50®  C.  Also 
with  tinned  copper  shielding  braid  and  in  twisted  pair  or 
tripled  construction. 


ROCKBESTOS  TYPE  CA  LEAD  WIRE 

Has  high-dielectric  strength  and  moisture  resistance  for 
use  where  heat  and  humidity  are  encountered.  No.  20 
to  8  AWG  solid  or  stranded  copper,  monel  or  nickel 
conductors  insulated  with  sjmthetic  tape  and  various 
thicknesses  of  felted  asbestos  finished  in  black,  white 
or  colors  for  coding  purposes.  Also  with  All-Asbestos 
insulation  only,  for  high  temperature  applications 
where  moisture  resistance  is  not  required.  y 


ROCKBESTOS  MULTI-CONOUCTOR 
nHEWAU  INSTRUMENT  CABLE 

This  unusually  small  diameter,  light 
weight,  high-dielectric  No.  26  AWG  \ 
thrM  conductor  cable  was  designed  for  \ 
an  electronic  device  in  which  three  No.  22  \ 

AWG  single  conductor  aircraft  circuit  wires 
previously  used  had  proved  too  bulky.  It  is  made 
to  a  nominal  diameter  of  .125*  (smaller  than  a 
No.  14  AWG  single  conductor  1000  volt  Rock- 
bestos  Firewall  R^io  Hookup  Wire).  Also  in  four 
and  five-conductor  construction. 


INVESTIGATE  ROCKBESTOS  PERMANENTLY 
INSULATED  WIRES,  CABLES  AND  CORDS  FOR 
TROUBLE-FREE  WIRE  PERFORMANCE 

Every  electrical  designer  can  make  or  break  his  product.  He 
can  make  it  by  giving  as  much  consideration  to  the  selection 
of  wire  as  to  other  components  .  .  .  or  he  can  break  it  on  the 
drafting  board  by  overlooking  the  effects  of  ambient  and  oper¬ 
ating  temperatures,  abrasion,  vibration,  moisture,  oil,  grease, 
corrosive  fumes  or  flame  upon  the  wire. 

And  that’s  not  all!  There  are  possible  overloads,  operating 
voltage,  current  carrying  capacity,  dielectric  strength,  insula¬ 
tion  resistance,  voltage  drop,  diameters  of  bushings,  wire- ways 
and  wire,  to  name  a  few  other  factors  to  be  taken  into  con¬ 
sideration  in  advance  ...  if  you  don’t  want  your  product  to 
get  a  black  eye. 

Perhaps  you  are  at  the  wire-specifying  stage  right  now,  or 
need  engineering  advice.  If  so,  investigate  Rockbestos 
permanently  insidated  wires,  cables  and  cords  .  .  .  12^  stand¬ 
ard  constructions  designed  for  severe  or  unusual  applications 
.  .  .  and  we  are  ready  to  go  to  work  on  a  “special”  if  we 
haven’t  got  what  you  want.  For  wire  recommendations  or 
engineering  assistance  write  the  nearest  district  oflSce,  or: 

Rockbestos  Products  Corporation,  418  Nicoll  St 
New  Haven  4,  Conn. 

FOR  VICTORY  .  .  .  BUY  WAR  BONDS 

ROCKBESTOS  RESEARCH 


Solves  Difficult  Wiring  Problems 

NEW  YORK.  BUFFALO.  CLEVELAND.  CHICAGO.  PITTSBURGH.  ST.  LOUIS,  LOS  ANGELES.  SAN  FRANCISCO.  SEATTLE,  PORTLAND,  ORE. 
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for  on  our  Tftiirfnnf  Navy  tmd  MaH- 

Hat*,  fUihi^  comuH  Grtrybor  Claetrle  Company. 


Post-War 
Need  For 
Electronic 
Controls  or 
Assemblies 


Ml  ELKINS  ST..  SO.  BOSTON  27,  MASS. 

TS  rf4RS  OF  PLASTIC  MOLDING  eXPiUltNCi 


If  you  have  a  post-war  prodtK- 
lion  problem  involving  elec¬ 
tronic  devices  or  sub-assemblies 
in  quantity,  our  broad  experi¬ 
ence  in  the  design  and  manu- 
faanre  of  electronic  equipment 
may  offer  the  best  answer.  Your 
inauiry  will  put  you  under  no 
obligation. 


IT  CAN’T 
SHAKE  LOOSE! 


No  alip!  No  rattle!  No  axial  play!  Gripped  bv 
it6  buut-in  lock«  thr  AIl-Metai  Boots  Nut  can  I 
shake  loose  despite  the  severest  vibration  or  tem¬ 
perature  changes.  Can  be  removed  and  used  over 
and  over  again.  Saves  weight.  Makes  assembly 
easier.  And  liere’s  why: 

D  Small  size,  thin  base,  sturdy — a  help  to  smart 
lines,  compact  design. 

#  More  easily  handled  than  a  clinch  nut. 

D  Will  not  turn  when  screw  is  applied. 

•  No  distorted  threads  (no  punch  needed). 

G  You  get  a  flush  surface  on  opposite  side  with¬ 
out  chamfering. 


Boots  Aircraft  Nut  Corporation 
Gonoral  Offtcos  •  Now  Canaaii,  Conn. 


RtprtMntofivcs  in  N«w  York  •  Chicoso  •  Detroit  •  IndianapoUs  •  toi  Angolat  •  (fonjoi  City  •  Dolht  •  Toronto  •  Mortroal  •  Voneowvw 
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V  I  W  II  WM  (  DOW  POLYSTYRENE  ) 

o  I  I  liUli 

PRICE  REDUCTION 


Dow  announces  a  further  reduction  in  the  base  price  of  Styron  to  25c  per  pound,  effective 
November  1,-1944. 

Increased  efficiency  of  production  has  made  this  further  reduction  possible.  This  is  in 
keeping  with  the  established  Dov/  pohcy  of  manufacturing  quality  materials— in  quan¬ 
tity— at  low  cost. 

THE  DOW  CHEMICAL  COMPANY,  MIDLAND,  MICHIGAN 

N«w  York  •  Botfon  •  Philadalphia  •  Woihington  •  Clavaland  •  Dafroit  •  Oricago  •  St.  Louii  •  Houston  •  Son  Fronciwo  •  Los  Angalas  •  Saotlta 

DOW  PLASTICS  INCLUDE:  Saran,  Styron,  Ethocel,  Saran  Film  and  Ethocel  Sheeting 

Writ*  for  now  Dow  booklot  “How  to  Put  Dow  Hattitt  to  Work" 


STY  RO  N 

(DOW  POLYSTYRENE) 

From  the  only  privately  owned  synthetic  styrene  plant  with 
sufficient  facilities  to  care  for  molders’  postwar  requirements. 


PLASTICS 


ELECTRONICS  — December  1944 


293 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  STATIONARY  CONTACTS 


•  3911  S.  Michigan  Ave.,  Chicago 

Export’ Div.,  13  E.  40th  St.,  New  York  16,  N.  Y. 

f/f  r///  //i 4'  4.1/4/ 


For  Positive  Operation  of  Electrical  Brushes  and  Contacts 


USE  SILVER  GRAPHALLOY 


Sllvor  Graphalloy  workt  in  oxtromns  of 
hoot  and  cold.  It  it  o  moldod  graphite 
iMpregnoted  with  pore  silver,  a  highly- 
efRcienl  conductor  thot  it  telf-lubricol- 
ing  and  extremely 
durable.  Used  in 
gun  Are  control,  ro- 
dor,  slip-ring,  inttru- 
ment  applications, 
and  many  others. 


Silver  Graphalloy  brushes  hove  high  cur¬ 
rent  capcKity,  low  contact  drop,  and  low 
electrical  noise.  Silver  Graphalloy  contacts 
have  low  contact  resistance  and  will  not 
weld  when  subjected  to  surge  currents. 

Silver  Graphalloy  is  furnished  silver-plated 
for  soldering  to  springs  or  holders. 

Investigate  the  superior  qualities  of  Silver 
Graphalloy.  Make  it  a  silyr  job. 


yitiU  bttrimtt  for  a  Nitnk  XIV  Gyro  Com¬ 
post  bring  inspected  with  n  Spencer  Stereo¬ 
scopic  Microscope. 


A  Microscope 


A  bridge  of  Amcr-  Y  - 

ican  merchant  ships 
is  carrying  tens  of  .  M  ^ 

thousands  of  tons  of  ?, 

fighting  supplies  to 
our  allies  and  our 
own  armed  forces  in 
every  quarter  of  the 

navigatm^  on  many 
of  these  ships  is  the  famous  Sperry 
Mark  XIV  Gyro  G)mpass.  On  hazard¬ 
ous  voyages,  blacked  out  and  unable 
to  use  radio,  ships  are  guided  on  their 
course  by  this  precise  instrument. 

To  inspect  certain  parts  during  manu¬ 
facture,  Sperry  uses  Spencer  Stereoscopic 
microscopes.  Their  depth  of  focus,  large 
object  field  and  high  resolution  of  fine 
detail  enable  inspectors  to  see  greatly 
magnified  images  of  parts  with  hair  line 
sharpness  and  with  stereoscopic,  three- 
dimensional  clarity. 


Th^  inherent  stamiiaa  of  l-iiiaiidiisraph 
Speaketyi  U  due  to  experimt'C  in  deMl|in  ami 

maniifartunngpiiMhiirheMi  in»|MH'tion  Mhan* 

dank.  In  all  typeaof  Cinaudain-aidi  S|M'akerts 
CrtMU  ^inall  watch-like  llamlie-Talkie  uiiita 
to  lar|ie  auditoriunt  »|>eakera«  you'll  find  the 
aame  precit»ionv  the  aanie  |uiin»takiiig  work¬ 
manship  and  the  aaine  long-li%cd  faithful 
reprudtiction. 

Wuli'h  t:inauda*i4^P^|>eakees^fler  \  ictory  I 


opcnccr  LENS  COMPANY 
r  BUFFALO,  NEW  YORK 

SCIENTIFIC  INSTRUMENT  DIVISION  OF 
AMERICAN  OPTICAL  COMPANY 
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New  Designs  Simplify 
,  Mass  Production! 


HIGH  FREQUENCY  COILS, 
TRANSFORMERS  AND.SWITCHES 


FOR  ELECTRONIC  APPLICATIONS 


•precision  workmanship 
Sc  units  shown  here.  Thoy  oro, 
sampling  of  the  extensive 
^H|H^^^d^$E-engineered  vital  parts  we  are  produdng 
Bj^^p^mers  .  own  specifications.  Our  complete  facilities, 
^^I^IaboratOfY,  design,  development  and  manufacturing, 
i^f  dvdilabie  to  interested  makers  of  electronic  equipment. 


1057  Summit  Avenuu 


Also  Hokers  of  Transformers  for:  Power  •  Audio  Frequency  •  Luminous  Tube 
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rubber 
fuse  block 

Ti  y"  /aadb  by 

JOHNSON 

'.  '’■'  Van-- 

^ Vbber  pr^ 

a:ia'orv,nn>nr.an.par..M. 

'  P'-’'"-’.:-o  ru^V-r,  n  ac^unes  a 

lar  pi*- ,  head  that  i:- 
bright  red  rubber 

,,  i,s  bla.U  u,a«.  onn 

warning  signal.  P  j  ^^ejs  a  r  p 

,5  burnt  out  on  the  snip  *'«"='  but 

'  „  not  only  function  a^  3„a,b 

full'y  cushions  the  fuses.  P 

,„g  the  '''‘’""‘’"V  3  problem,  let  us  h«>e 

''.Vue  uVeom"  .be  ones. 


METAL-COATING  PROCESS 


•  FAST  AND 
ECONOMICAL 


•  FOR  HEAVliR 
’  COATINGS 


REQUIRIS  RMsY  RtflD  ILUTtSLYTE— RAFW 
MTAL  •LIMU--RAFI0  APnilATtR 

•  Ptetiag  cwTMi  !■  obtataMd  Aom  dry 
Mils,  steraqs  battsnr,  or  am  ooaTonlom 
aouTM  o<  dlioet  eunoat  ol  I  to  B  T..  or 
oso  Rapid  Pkrtiag  Rootillor  tor  hoarr 
work. 

•  For  sllTor  sorteeiag  bos  bar  connoc- 
Hoas,  logs,  swtteb  blados,  ote.  For  plat- 
iag  or  tootidag  op  saloMllaaooos  sur- 
laosi  with  cadoiiwm,  aiekol,  siac.  ooppor 
aad  gold.  BoUdiao  op  IlMltod  aroos. 
Hard  sortaeiag  orith  alckol.  Usod  ia 
shop  or  Hold.  Spodol  appUssdors  do- 
sigaod  to  spood  op  prodosttoa  liao  fobs. 

Oor  laboratory  h  mkid  to  oooporafo. 

No  oMIgaNoa 

RapM  Electroplatiig  Praceas,  lac. 

M14  S.  Wabofh  Ava..  Chicago  5,  III. 
*21  6raybar  Bldg.  237  RiaHo  Mda. 

Now  Yorfc,  N.  Y.  Sas  Fraaeiseo,  CaWt. 


Sob  Fraaeiseo, 


-I'riMi'iiv;-! 


STANDARD  or  SPIOALLY  DBIIGNED 

CAPACITORS 

For  the  past  15  years  Gitatd-Hopkins 
have  built  standard  and  tpedally  cre¬ 
ated  capacitors,  designed  to  meet  the 
most  exacting  climatic  and  technical 
conditions.  Our  line  includes  every 
stock  type  of  capacitor  for  normal  needs 
— Increased  manufacturing  capacity  and 
a  highly  trained  engineering  staff  enable 
us  to  quickly  build  and  deliver  spe¬ 
cially  designed  capacitors  to  your  speci¬ 
fications.  Consult  us  on  your  present 
and  post-war  capacitor  problems  for 
either  wax  or  oil  types. 

GIRARD-HOPKINS 


(J+> 


40th  Ave. 

• 

OAKLAND  1 
CALIFORNIA 


1 

^  A  1  1  ithuiiHiihiiaiiliiiitiM  ii' ' 
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Magnavox,  the  oldest  name  in  radio,  is  at 
the  very  forefront  in  new  design  and 
advanced  engineering.  This  company  again 
will  assume  its  former  peacetime  role— world’s 
outstanding  manufacturer'of  quality  loud 
speakers— with  skills  and  facilities  stepped  up 
to  new  high  levels  by  its  war  work.  Once  more 
old  friends  and  customers  will  be  served  in  the 


radio  industry  33  years 


has  served  the 
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traditional  Magnavox  manner,  with  the  added 
advantages  of  all  new  developments  and  the 
sujjerb  equipment  of  its  modem  6-acre  plant. 

Magnavox  radio  components  are  made 
expressly  for  the  manufacturing  trade.  When 
you’re  ready  to  talk  about  your  postwar  noed^. 


Model  15E  3015, 

1 5  dynamic  speaker.  (118  additional  models  available) 

get  in  touch  with  loud  speaker  headquarters. 

The  Magnavox  Company,  Compo- 
nents  Division,  Fort  Wayne  4,  Ind. 


UD  SPEAKER 
HEADQUARTERS- 

Magnavox 


3  OUTSTANDING  NEW  FEATURES:  1.  ACCURATE  CONTROL  DIAL 

EASY  TO  READ  •  NO  PARALLAX 

I  2.  RUGGED  CONSTRUCTION 
.  3.  IMPROVED  CIRCULT 


The  Model  200*1  is  a  resistance -tuned 
/  audio  oscillator  designed  to  provide 

'  high  stability  and  accuracy  for  use  in 

frequency  measurements.  It  has  a  range 
from  6  cps  to  6000  cpsf  divided  into  six  frequency 
ranges  as  follows:  6  to  20,  20  to  60,  60  to  200, 
200  to  600,  600  to  2000  and  2000  to  6000  cps. 
Each  of  these  ranges  has  an  individual  frequency 
adjustment  so  that  the  instrument  may  be  set  to  a 
frequency  standard  such  as  the  -hp-  Model  100-B. 

The  large,  6-inch  diameter,  main  frequency  dial 
is  calibrated  over  approximately  300  degrees,  mak¬ 
ing  possible  a  large  number  of  calibrated  points 
to  cover  the  entire  range.  The  dial  itself  rotates 
behind  a  fine  wire  locator  which  is  visible  through 
an  opening  in  the  panel.  Parallax  is  completely 
eliminated  and  calibrations  are  spread 'over  an 
effective  scale*length  of  nearly  eight  feet.  Fast 
and  extremely  accurate  settings  are  made  easily 
with  this  dial.  There  are  two  manual  controls:  one 
direct  action,  and  the  second  for  vernier  adjust¬ 
ments.  An  electronically  regulated  power  supply 
is  included  to  assure  greatly  improved  stability. 

The  Model  200-1  -hp-  Audio  Oscillator  is  but 
one  among  many  new  -hp-  instruments  which  are 
to  make  public  appearance  as  the  cloak  of  mili¬ 
tary  secrecy  is  removed.  Preliminary  technical 
information  is  available  on  this  instrument  now 
. .  .write  for  it!  And  watch  for  the  early  release  of 
other  new  -hp-  instruments. 

—  *This  fnquency  coverage  was  selected  for  interpola- 
Jf  •  tion  work.  Other  frequency  ranges  can  be  supplied 
T from  6  cps  to  100  kc  on  special  order. 


IpNew  friction  driven  dial  provides  hair-line  accuracy 


Spring  loaded 
gear-drive  to 
maintain  accuracy 


Rugged  chassis  construction  on  heavy  cast  frame 


HEWLETT-PACKARD  COMPANY 

P.  O.  Box  930  A  Station  A,  Polo  Alto,  Colrffornio 
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1)  Can  ba  loadW  cm4  wnUnda^  In  twa  lacnndt. 


1)  In^axod  360*  flxtura  ta  hoM  chassis  In  any  pasMon  t# 

SW  M  r*w  <*•<•  _  Miii^rlng  ond  all  athor  assamhly  opatatlans. 

sb  ar  tgsfHliwWawt 

fir  sssfsffini  Wa  9)  Adiwstobla  ta  any  six*  ta  has#  limits  nf  tha  Jlp.  Camas 
ora  raody  fa  maat  In  variooS  sUas  or  wa  will  maka  Jigs  ta  yoor  chassis  or 
raar  datlvary  spaclhcatians. 

Mhadala*.  Stvrdy,  rigid  constractian. 

5)  Maiding  adaptors  to  fit  yoor  chassis. 


Assembly 


7  LINCOLN 
JERSEY  CITY 


GOOD  DESIGN 
Broad,  flat  head  has 
more  bearing  surface, 
permits  greater  sealing 
compression.  One-piece 
construction  —  no  week 
soldered  connections,  no 
"pin-holes",  no  compli¬ 
cated  assembly. 


Ph9t»  OmiIm*  OaSMtan  Co. 


■^STRDNGHPa 


Leakproof 
TERMINAL  SCREW 

■pHE  POSITIVE  teal  Tor  all 
'  ferminal  openings  where 
leakage  of  oil,  water  or  air 
must  be  prevented.  Can  be 
drilled  lengthwise.  Useful  in 
capacitors,  transformers,  etc. 
Available  in  6-32  diameter 
with  1/2"  head;  8-32  with 
9/16"  head;  10-32  and  12-24 
with  %"  heads.  Write  for 
samples,  or  phone  Whitehall 
4680. 


MANUFACTURERS 

SCREW 

PRODUCTS 

223  West  Hnbbard  St. 
Chicago  10.  III. 


NOT 

THIS 


■AD  DESIGN 

Four  operations  — 
soldered  connec¬ 
tions  s  u  b  { a  c  t  to 
mechanical  strain 
— slightest  pinhole 
results  in  leakage 
of  oil,  water,  air. 
Increases  rejections 
—  cuts  production 
and  profits. 


Old  way 


Streegheld  woy 
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ROBERT  L.  STEDMAN  MACHINE  WORKS 

,  SPECIALISTS  IN  MASS  PRODUCTION  TOOLS 

OYSTER  BAY,  LONG  ISLAND  NEW  YORK 


ONLY  e.E.  BUILDS  ALL  THREE 


Wherever  d-c  power  supply  is  needed  look  to  G.E.  for  the  correct  size  and  type 
rectifier  to  do  the  job.  G.E.  and  only  G.E.  designs  and  builds  the  three  types  of  low- 
voltage  rectifiers  most  commonly  used.  Each  type  differs  in  characteristics,  basic 
materials  and  construction. 

Naturally,  the  conditions  under  which  the  rectifier  is  to  operate  and  the  results  which 
are  to  be  obtained  determine  which  type  will  do  the  most  economical,  most  efficient 
and  most  satisfactory  job. 

In  some  applications  all  three  types  serve  equally  well.  However  in  most  instances 
consideration  must  be  given  to  space  requirements,  weight,  cost  differences,  efficiency 
and  life  expectancy. 

G-E  engineers  will  analyze  your  rectifier  needs  and  offer  their  recommendations. 
Whether  they  recommend  copper-oxide,  selenium  or  Tungar  you  can  be  sure  that  their 
selection  is  impartial  because  G.E.  offers  all  three.  For  more  information  write  to  Section 
A1247-119,  Appliance  and  Merchandise  Dept.,  General  Electric  Co.,  Bridgeport,  Conn. 

Hear  the  General  Electric  radio  programs:  **The  G-E 
All  Girl  Orchestra”  Sunday  10  P.M.  EWT,  NBC.  “The 
World  Today”  news  every  weekday  6:45  P.M.  EWT,  CBS. 

BUY  WAR  BONDS  AND  KEEP  THEM 


GENERAL  m  ELECTRIC 
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ARRISON  RADIO  CORPORATION 


12  WEST  BROADWAY  •  NEW  YORK  CITY  7 

Telephone —  WOrth  2-6276  •  Cable  —  Harrisorad 


joHNsniv 


amoui  name  in  )Qa.J.io 


DO  YOU  NEED 


HARRISON  has  it! 


Most  probably  in  Stocky  for  immediate  delivery 


SINCE  1925 

Still  your  best  source 
oi  supply  for  the  prod* 
uefs  oi  ALL  leading 
Manufacturers. 

CaU  worth  2-6276 
FIRST! 


MASTER 


Gas  Filled 

Pressire  Condensers 


Johnson  Engineers  were 
among  the  first  to  design  and 
build  Gas  Filled  Pressure 
Condensers  in  fixed,  vari¬ 
able,  and  combination  fixed 
and  variable  types. 

Gas  Filled  Condensers  of¬ 
fer  a  decided  advantage  in 
size  where  large  capacities 
or  high  voltage  ratings  are 
necessary.  In  some  coses 
Gas  Filled  Condensers  make 
possible  on  instrument  that 
would  be  a  mechanical  im¬ 
possibility  in  an  air  type. 

Johnson  Gas  Filled  Pres¬ 
sure  Condensers  are  avail¬ 
able  in  several  sizes  of  hous¬ 
ings  depending  on  the  rating 
specifications.  Prices  are 
low,  efficiency  is  high,  gas 
leakage  is  nil  over  long  pe¬ 
riods  of  time. 

Write  today  for  more  in¬ 
formation  and  prices. 


When  chooting  tout  molder,  consider  whether  he 
make*  his  own  molos.  If  he  does,  it  usually  means  a 
better,  faster  job  .  .  .  often  a  more  economical  job. 

Then  look  at  molds  he  has  made.  The  skill  and  the 
care  t^t  are  demonstrated  in  their  construction  are  a 
sound  measure  of  the  worth  of  the  final  job. 

The  molds  of  the  telepbo-ie  handset  which  are  shown 


here  were  made  by  Auburn  for  Stromberg-Carlson.  Because 
the  wires  used  for  conneaions  to  the  transmitter  and  re¬ 
ceiver  must  be  molded  accurately  in  place  in  the  handle, 
with  the  terminals  properly  positioned,  the  transfer  mold¬ 
ing  proocM  was  used.  By  this  process  the  molding 
materul,  in  a  plastic  state,  is  forced  into  the  mold  after 
it  has  been  closed.  Note  the  several  parts  of  the  mold 
necessary  to  form  the  threaded  transmitter  and  receiver 
shells,  the  bole  for  the  cord  and  the  opening  in  the 
handle  in  which  a  switch  will  be' assembled. 

On  your  next  molded  plastic  iob,  get  in  touch  with 
Auburn.  Learn  bow  Auburn  s  complete  service  can  help  yon. 

•umII  parts  msKsd  aytomatieslly  at  low  cost*  vwito:  Woodruff 
Company  Clvlaion,  Auburn  lutton  Works,  Auburn,  Now  York. 


ExtroM  Vlsyl  or  Acstots  Tsbos  sod  Sbspss 


MoM  ioflssoriaf  sad  CsNplits  MoM  Shop 


A  600D  MOLDING  JOB  DEMANDS 

Wotd-nsdina  SUt 

■ToKF  J 

December  f9dd  —  ELECTRONICS 


ELEC 


'  '  -  n  in] 

L  ■  -  .  I 

'  ' 


'cMiMecCe 

FliOCK 

HAS  MANY  USES 
IN  RADIO 


Practical,  economical  Cellusuede 
'  •  Flock  is  an  excellent  material  tor  a 

*  variety  of  radio  uses.  Coat  wire 

grills,  cabinet  bases,  cabinet  interiors  and  phonograph  turn¬ 
tables  with  versatile  Cellusuede  and  note  its  high  acoustical 
value  . . .  low  cost . . .  flattering  suede  or  velvet  effect.  Rayon 
or  Cotton  Flock  is  furnished  in  a  wide  r  scortment  of  colors.  No 
rationing  ...  no  priorities  . 


Writ*  for  Color  Cdrd, 
Samples  and  Prices 


"V  iV  iiriiiifiiil*' 


WRITE  for  THIS 

ADECO 

GUIDE-BOOK 


points  thp 

°b)e  source  of  ^  °  ^^Pend- 

parts  and^^'^^°^P^e- 

on  a  contract  bn 

'^'^ofion,  ithe  Ari  P^o- 

o«eis  cotnT?  °^9anizcx. 
meet  Wur  ®  ^°^‘Iities 
speaficatfons  ,1  ®*aoting 
«  i.yCta°">'  ‘P 
-'■I- 


AIRCRAFT  &  DIESEL  EQUIPMENT  CORP. 

440S  North  Ravenswood  Avenue 
Chitogo  40,  Illinois 

your  Partners  in  Fruition 


you  wartt 


•  CRYSTALS 

•  CABLES 
HARNESSES 

•  ELECTRONIC 

ASSEMBLIES 

i 

•  CABINETS 

Telephone  Peru,  Indiana 

'  ^51 

Serving  the  fadio  and  Electronic  Industries  with  precision  engineered  products. 

Ulm.IUJnLLflCE  ITIfg.  [□. 

General  Offices:  PERU,  inomnn 

(able  Rssembly  Division:  ROCHESTER.  inDIRIIfl 


iii  <1  f. 


^  314 
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'A/SULA*^ 


For  the  first  time,  a  continuous  fiber, 
soda-free  Fibergias  Cloth  .  .  .  impregnated 
with  special  high-temperature  Silicone  Resin 
is  manufactured  in  quantities  for  com¬ 
mercial  use  as  sheet  insulation  for  high  heat 
applications. 

The  new  product’s  resistance  to  high, 
sustained  heat  is  outstanding.  Samples  aged 
at  200°  Centigrade  were  still  very  flexible 
after  400  hours  exposure,  while  sample 
aged  at  150°  Centigrade  showed  little 
change  after  2000  hours  exposure. 

In  addition  to  its  high  heat  resistance. 
Silicone  Resin-Coated  Fibergias  has  good 


“VARTEX”  SILICONE 
RESIN-COATED 

Fiberglas 

Cloth 


dielectric  strength,  low  power  factor,  high 
mechanical  strength,  and  exceptional  low 
temperature  flexibility. 

It  is  recommended  for  applications  to 
motors,  air-cooled  transformers,  generators; 
as  insulation  for  relays,  rheostats,  resistors, 
operating  at  elevated  temperatures,  and  for 
electronic  equipment. 

Although  it  is  slightly  soluble  in  hot  oil 
and  petroleum  solvents,  the  film  is  not 
affected  during  the  conventional  varnish 
impregnating  cycle. 

Two  Standard  Thicknesses 

**  Vartex”  Silicone  Resin  Coated  Fibergias 
is  available  in  two  standard  thicknesses  — 
.004' and  .007' — and  is  supplied  in  full  width 
rolls  (36')  or  cut  into  tape  of  any  desired 
width  down  to  V4'. 

You  will  be  interested  in  our  Bulletin 
No.  B-6  which  gives  further  details  aboUt 
this  new  sheet  insulation  and  charts  show¬ 
ing  test  data  and  solvent  resistance.  Write 
for  it  today.  3'  x  5'  Samples  of  .004'  and 
.007'  sheets  will  also  be  sent  at  your  request. 


INSULATION  MANUFACTURERS  CORPORATION 


★  CHICAGO  6  •  565  Washington  Bbd. 

W  ★  CLEVELAND  14  •  1005  Leader  Building^ 


KtprtMmmthn  is ' 


MIIWAUKU  2;  312  fs«l  WUcofnin  Asms* 
DiTKOnr  7-.  1 1341  WmhIwmS  Avrniws 
MWMiAroUS:  316  Fssfth  A««..  SssMi 
NOMA;  101  HsIm  Cmmt 
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STOKES  STANDARD  MOLDING^PRESSES 


V.  IOC  TON  **'  ^  200  TON 


1  ■'••■  .>j 


USERS  SAT: 

". . .  240  mor*  Pi*cM  p«r  hour  p«r  24-caTlty  mold  on  Stokos 
Standard  Ptobms." 

*.  . .  Rojocta  than  2%  on  procUion  piocos." 

. .  30%  greater  production  due  to  automatic  time  cycle." 

‘*.  .  .  Maintenance  only  15.00  per  year  total  on  all  nine  of  our 

tressea." 

tandard  Preaaea  protect  molda,  reduce  mold  mainte¬ 
nance." 

.  .  Controlled  cloaing  apeed  ideal  for  delicate  piecea  and 
preciaion  work." 

. .  One  man  ottenda  battery  of  ten  atondord  preaaea." 

F.  J.  STOKES  MACHINE  CO. 

6046  Tabor  Road  Philodelphi  i  20.  Pa. 


MOLDiN'2  EQUIPMENT 


DO  YOU  NEED 


Small  Stampings 
Special  Terminals 
Soldering  Lugs 
Precision  Washers 

up  to  %"  O.  D. 


Manufactured  to  Your  Specifications 


Large  Tool  Room  Facilities 
plus  20  Years  Experience  insure 

HIGH  GRADE  STAMPINGS 
QUICK  DELIVERIES 

on  Medium  and  Large  Quantities 


LET  US  QUOTE  ON  YOUR  REQUIREMENTS 


DIEBEL  DIE  &  MFG.  CO. 

36S8  N.  Liacola  Avo.,  Chicogo  13,  III.  Pheee  WELliegtoa  4202 


KES  I 


,r4  s 


We  u/id  k  to 

accj^uaint  y^ou  with 


STOnUIVCK 

R.f.  cons 

and 

.^^Adociatetl  .^AAtmltfieA 

There  it  a  Stanwyck  coil  for  every  appli¬ 
cation  in  the  Radio  Frequency  Spectrum  — 
coils  that  have  met  the  raquiramentt  of 
war  and  which  will  meat  your  raquirements 
when  the  war  it  won  .  .  .  Sand  for  folder 
describing  our  linn  and  facilities. 

STflnUI  VCK 

C^ompan^ 


NEWIUR«H 


NEW  YORK 


Dumber  1944  ~  aECTRONICS 


and  PERFORMANCE 


CEtroN 

CE-29 


Typ.  30*  '  «  Ki 

handles  primi^  currents  of 
many  small  resistance  welders, 
light  control,  arc  welding  con¬ 
trol.  etc.  Also  serves  in  motor 
control  application;  and  for 
other  industrial  purposes,  r?. 


Type  CE-29 

Particularly  sensitive  to 
blue  and  violet  light.  RMA 
spectral  sensitivity  designa¬ 
tion  S-4.  5-Pin  base  inter- 


RECTIFIERS 


PHOTOTUBES 


ELEGRONIC  TUBES 


SPECIAL  TUBES  TO 


FILL  SPECIAL  NEEDS 


Whatever  the  need 


Continental  is 


usually  a  jump  ahead”  in  creating  and 


producmg  a  fine  tube  to  fill  that  need. 


Through  the  years  “CETRON”  has 


become  more  than  a  well-established 


better  performance. 


trade-mark ...  It  has  become  a  “buy 
word”  for  all  who  seek  better-engineered 
tubes,  of  quality  materials  .  .  .  insuring 


POPULAR  V"*  ^ 


In 


The  two  tubes  illustrated  above 
were  selected  at  random  from  the 

COMPLETE  LINE 

which  Cetron  has  to  offer  you.  Write 
for  catalog. 
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CMKA60  oma,  90S  Msrchssdits  Msft 
NEW  TOW  oma.  lOS  Wtst  14*  tirsst 


1 


Only  2^/i'' of  tptct  notdtd 

WEIGHT:  2  oz.  •  CAPACITY:  15  C.  F.  M.  at 
8000  R.  P.  M.  •  CONSTRUCTION:  Housins  j 
k  of  hish  impact  phenolic  plastic  •  Wheel  ^ 
is  turbo-type  cadmium -plated  steel 
SIZE:  25/8'  long  x  61/64'  wide 
X  21/2'  high 


-"'‘I 

,  " 


You  Can  Get  Them 

*DeC^{ 


GOULD-MOODY 


^tacASe^ 

GLASS  BASE 
INSTANTANEOUS 
RECORDING  BLANKS 


The  tributes  paid  to  "Black  Seal" 
discs  by  many  leading  engineers 
have  been  earned  by  distin- 
mished  service  on  the  turntable. 
Your  ears  will  recognize  the  dif¬ 
ference  in  quality  of  reproduc¬ 
tion,  and  the  longer  pday-back 
life  will  prove  the  superiority  of 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchange^le  with  aluminum, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
onrcdloble  to  broadcasting  sta¬ 
tions,  recording  studios  and 
schools.  Enclosure  of  your  prior¬ 
ity  rating  will  facilitate  delivery 
Old  Ahuafaiui  Blanks  Bscootsd  with 
**BlaGfc  8a«d"  Femula  on  Short  Notico 


BfCOBOINO  BLANK  OfriSIOM 

m  BROADWAY  •  NiW  YORK  13,  11.1. 


avoKT  pgn.  MorAi  matioiial  coMf4«r.  me 

S»  MOSS  WMBf.  M.  T."  ' 


You’ll  find  drat  X-RAY  ORIENTATION  —  predetermination 
of  the  crystallographic  axes  of  the  Crystals  to  permit  accu¬ 
rate  cutting  —  insures  constant  frequency  over  a  wide  tem¬ 
perature  range  in  every  C.T.C.  CrystaL 

Multiple  mechanical  lapping  operations;  dimensioning  by 
edge  lapping;  finishing  to  final  frequency  by  etching,  are 
among  the  other  important  operations  that  guarantee  high 
activity  and  constant  frequency  throughout  the  long  life 
of  C.T.C  Crystals, 

For  prices,  delivery  dates  etc.,  get  in  touch  with 


CAMBRIDGE  ^ienmiotUc  CORPORATION 


439  CONCORD  AVENUE 


CAMBRIDGE  3B.  MASSACHUSETTS 


The  blower  illustrated.  No.  IV^,  is  one  of  many  blower  models  manufactured  by  the 
L-R  Manufacturing  Company.  These  blowers  were  designed  to  outperform  many  larger 
and  heavier  types  formerly  in  use.  Where  size  and  weight  are  factors  these  blowers  with 
their  minimum  size  and  maximum  output  are  the  answer  to  cooling  problems  presented 
by  electronic  tubes  or  circuit  components  in  such  applications  as  air-home  communicadoo 
units  as  well  as  in  many  industrial  applicadons. 

L-R  MANUFACTURING  COMPANY 

TOIRINCTON.  CONNECTItVT 
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ve  Done  Away  With  Silver  Soldering 


Thi*  giant  electrical  furnace^  carefully  regulated^ 
permanenHy  hands  Ute  siliw  contact  face  directly 
to  the  hose  metal  hacking. 


STANDARDIZED 


You’re  assured  of  quick  delivery,  high' 
efficiency  and  long  life  when  you 
specify  Mallory  standardized,  silver¬ 
faced,  steel-backed  contacts.  Brazing 
is  eliminated  by  a  patented  Mallory 
process  and  by  the  ingenious  equip¬ 
ment  pictured  above.  The  silver  face  is 
bonded  directly  to  the  steel  back,  in¬ 
suring  completely  even  wear  and  at 
least  20%  longer  service  than  when  the 
faces  are  attached  with  silver  sold«r. 


tact  drop  and  heat  development  are 
greatly  reduced. 


Mallory’s  specialized  fabricating  proc¬ 
ess  produces  silver-faced  contacts  of 
a  hardness  equivalent  to  cold  headed 
rivets.  To  prevent  any  danger  of  cor¬ 
rosion,  steel  backs  are  nickel~plated. 

Standard  sizes  of  Mallory  silver -faced 
contacts  can  be  furnished  attached 
to  arms,  studs,  brackets,  or  ready 
for  your  own  assembly  operations. 

Literature  giving  detailed  dimen- 
sions  and  specifications  is  available  ^ 

uponr«,ue,t.  rje’.ajob 

for  All  to  Do: 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA  Buy  War  Bond*! 


By  eliminating  tbe  silver  solder,  high 
currents  can  be  carried  without  over¬ 
heating  the  contact.  Safe  operating 
temperatures  are  constant,  and  con- 


*EUumUr  it  a  rmgittrrmi  IroJmark  of  P.  R.  MaUory  &  t'M..  Inc.,  Jar  eloctric  contacting  rUmcnlt, 


MANUFACTURES  CONTACTS  OF  TUNGSTEN,  MOLYBDENUM. 
SILVER,  PLATINUM,  E  L  K  O  N  I  T  E  *  AND  SPECIAL 
ALLOYS  FOR  INDIVIDUAL  REQUIREMENTS.  SPECIAL 
DESIGNS  TO  SUIT  YOUR  APPLICATIONS 
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MASTS 


TOWERS 


A  second  citation  for 
doing  a  good  war  job  ! 


RADIO  RECEIVERS  •  AUDIO  OSCILLATORS  •  TELEVISION 
ELECTRONIC  TEST  EQUIPMENT  •  SIGNAL  GENERATORS 
PHONOGRAPHS . . .  Licensed  by  RCA  •  Hazeldne  •  Armstrong  F.  M. 


C«talo9  will  b«  Mnt 
to  onglnoors  and 
aKocutivat  writing  on 
Hiair  builnau  lattar* 
kMd, 

4Mrast  09pit.  40 


W  MANUFACTURING  COMPANY,  INC. 

305  EAST  63rd  STREET,  NEW  YORK  21,  N.  Y.  BUTTERFIELD  B-7B00 


STEEL 

^CONSTRUCTION  Cl. 
Elixabtti  4.  N.  J. 


YEARS  OF 

SPECIALIZED  EXPERIENCE 


ALACHINE  SCREWS  FUSTIC  INSETS 
SHEET  metal  screws  HOLDING  FINS 
AAACHINE  screw  NUTS  SFEClAl  RIVETS 

All  TYFES  OF  HEAPS  AND  THREADS 
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42ND\ 


GREATER  EFFICIENCY 


CHARACTiRISTICS  OF 
ALSIMAG  INSULATORS 
High  Machanical  Strength 
Permanent  Rigidity 
Lew-Lott  Factor 
High  Dielectric  Strength 
Will  Net  Absorb  Moisture 
Chemically  Inert 
Heat  Resistant 
Precision  Mode  of  Purest 
Row  Materials 


ALCO  has  httn  awarded  far  the 
famrtk  time  the  Army-Navy 
Award  far  "eamlinited  exceUemce 
im  ^mamtity  and  quality  •/ 
eftential  war  praduttiam. " 


FOR  YOUR  1945  DESIGNS. 


42NO  year  of  ceramic  LEADERSHIP 


M  ASTER  of  power  and  heat,  AlSiM ag  is  the  ideal  insulation  for  tomorrow’s 
Electronic  devices. 

ACCURATE— manufactured  to  close  tolerances. 

ECONOMICAL — because  of  high  speed  production  methods. 

AlSiMag  Steatite  Ceramic  Insulators  are  permanent  materials.  They  are  strong,- hard 
and  rigid— do  not  distort  by  loading,  nor  do  they  shrink  with  time.  Impervious  to  heat 
up  to  1000*  C.  Non-corrodible.  Do  not  absorb  moisture. 

No  matter  what  insulation  you  have  been  using,  investigate  AlSiMag.  Send  us  a 
sample  or  design  drawing.  Let  us  prove  that  AlSiMag  will  meet  your  requirements 
for  improved  efficiency  and  performance. 

Write  for  Property  Chart  containing  complete  data  on  physical  characteristics. 


i^lON 


INSIDE  AND  OUTSIDE 
THREADS,  CUTTER  TEETH, 
FINISHED  CYLINDRICAL  SURFACES  with 

^u6c4^  f 


name  for 


engineered 


metal  component 


(00^^ 


Modern  engineering,  production 
facilities  and  equipment  offer 
straight-forward  solutions  to  all 
problems  pertaining  to  production 
tooling,  stamping,  forming,  draw- 
ing,  grinding,  welding,  brazing, 
soldering  and  finishing. 

With  the  conclusion  of  vital  military 
contracts,  OLYMPIC  will  be  avail¬ 
able  for  peacetime  work,  including 
complete  design  collaboration  from 
blueprint  to  final  production. 


ACCURACY 


*  ’Di««rtily  in  io- 
(IliliM  arn  aptly  !l- 
Iwilrotod  by  tboM 
MOtal  perH,  which 
roqwira  particular 
attantion  la  cIom 
tolorancot." 


IN  METAl  PARTS 


CRAFTSMANSHIP 


OLYMPIC 


CO 


TOOL 


MFC 


INC 


39  CHAMBERS 
NEW  YORK  7,  ^ 


ST 


Guard  asainst  damase  in 
intra-plant  handlins  or 
durioc  shipment;  save 
time  and  work  in  pack¬ 
ing  operations.  Tubes 
made  to  your  require¬ 
ments  in  diameters  from 
to  6* — any  length — 
from  kraft,  chipboard.  ^ 
special  compositions; 
available  wax^  or  plain. 
Write  for  complete  in¬ 
formation;  get  details, 
too,  on  our  other  lines  of 
paper  tubes  and  cans, 
gamers,  die-cut  paper 
products.  ■ 


PIERCE  PAPER  PRODUCTS  CO. 

272«-D  AUBURN  ST.,  ROCKFORD,  ILLINOIS 


MANROSS 


^  yours 


and  endurance  set  the  s 


DANIEL  KONDAKJIAH 


THE  ENGINEERING  CO 

27  WRIGHT  STREET  NEWARK  S  NlWJEfiSE 


I  HE  PUBUC  and  Industry,  with 
fine  spirit,  have  cooperated 
with  us  in  expediting  Christ¬ 
mas  gift  shipments.  This  is  a 
final  reminder  to  make  De¬ 
cember  1st  the  day  by  which 
you  have  forwarded  your 
gifts,  particularly  to  out-of- 
town  addresses.  Your  gov¬ 
ernment  requests  it  so  that 
there  will  be  no  interruption 
in  the  flow  of  material  needed 
by  our  armed  forces. 


®  DANIEL  KONDAKJIAN  Mp^rlwK*  in 

manufoctvr*  nn^  fobricntinn  <>f  high  qwol- 
My  TwngttMt  Inodt  it  boHi  mtcntiv*  and 
oN-incKniv*.  ^odvctt  inciwd*  rigid  and  flaxibU 
loodt  lor  critical  inttollationt  in  avory  typ*  af  aloc- 
tronk  apportrtwt  and  aqaipmanl. 

DANIEL  KONDAKJIAN  anginaart  and  toclmkiant  ar* 
nwnilabl*  for  twngtton  load  collaboraMan.  Inqwiriat 
portaining  ta  post-wen  tpocialtios  oro  invitod. 


For  sound  approach 
to  new  problems 
in  electron  tube 
applications-- 


Just  Out! 
New.Secoad 
Edition  . 


This  book  gives  engffiecrs  and  research  workers  a  thorough, 
coordinated  gronndwork  in  tube  and  circuit  theory  with  em¬ 
phasis  on  {undatnental  principles  and  their  use  in  many  appli- 
caticnis  in  industrial  electronics,  commimications,  power,  and 
measurements.  Meeting  the  need  for  a  single  volume  to  as¬ 
semble  and  coordinate  present  knowledge  of  theory  and 
application  of  electron  tubes,  the  book 
covers  its  subject  authoritatively  and  in 
detail,  from  the  fundamental  principles  of 
atomic  structure,  excitation,  ionization, 
radiation,  and  emission,  to  practical  ma¬ 
terial  on  the  design  of  voltage  and  power 
amplifiers,  phototube  circuits,  power-con- 
tred  circuits,  power  supplies,  and  measur¬ 
ing  instruments. 


The  nation-wide  Railway 
and  Air  Express  Service  wel¬ 
comes  its  annual  responsibil¬ 
ity  of  making  Christmas  a 
happy  occasion  for  millions 
by  delivering  shipments  safe¬ 
ly  and  on  time.  Remember, 
please,  to  wrap  carefully  — 
address  clearly— call  us  early. 


THEORY  AND 
APPLICATIONS  OF 
ELECTRON  TUBES 


I _  By  HERBERT  J.  REICH 

Professor  of  E/acfr/co/  fnglMsWag,  Umlrmnlh/  of  if/inois 

Sacead  aditioa,  714  pogai,  440  illastratioas,  $S. 

10  DAYS  FREE  EXAMINATION 


•  In  this  edition  the  chapter  on 
Detection  and  Modulation  and  that 
on  Oscillation  have  been  broutht 
abreast  of  developments  in  the 
held  to  improve  the  book’s  useful¬ 
ness  to  engineers  and  researchers. 


BUY  THAT 
EXTRA 
BOND  NOW 


Soad  Mis  McMAW-HIU  caapwil 

MeGraw.Hill  BMk  C«..  33S  W.  42  St..  N.  V.  C.  IS 
Send  m»  Reich’s  Theory  and  AppUcatlons  of  RIectrao  Tubes. 
Second  edition,  for  10  days'  examination  on  approval,  la 
10  days  I  srlll  seod  15.00  plus  few  cenU  piMtaae  or  return 
book  postpaid.  (Poetase  paid  oo  caeh  orders.) 

Name  . 


In  its  15  chapters  you  will  find  such 
valuable  new  material  as:  treatment  of 
cathode-follower  amplifiers,  discusaion  of 
inverse-feedback  filters,  graphical  expla¬ 
nations  of  modulation,  comprehensive 
treatment  of  oscillator  theory,  improved 
analysis  of  condenaer-input  filters  for 
rectifiers,  analyses  of  cathode-ray  deflec¬ 
tion,  and  more  material  on  amplifier 
analysis  by  square  waves. 


Address  . . 

City  snd  Stste . 

Position  .  . 

(.'ompsny  .  I.  n 

iBooks  sent  on  spprotsl  in  the  United  Ststas  onlv.i 
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PILOT  LIGHT 
ASSEMBLIES 


GIVE  YOU  THESE 
5  ADVANTAGES: 


1  Extensive  line  cjayers 
every  kno>vn  apptica- 
.  tion .  .  .  2  Assemblies 
^  complete  with  lamps 
.  .  3  Top-flight  en- 
gineering..  4  Per- 
^  sonolized  service 
...  5  Rapid-fire 
deliveries. 

Write  for 
Catafog. 


894  BROADWAY.  .  .  iNEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-4770: 


CENTRIFUGAL 

BLOWERS 


SHADED  POLE 

MOTORS 


r  tWJl  C1X 


Emy-lo-install  ...  coiih 
pact . . .  f|«i«l-rwnnina . . .  •ceiMmicol . . .  lh«M 
af«  Hm  features  which  make  Pilot  Blowers  ideal 

for  the  Iwpertawt  fob  of  air  circukrtien  and  ventUotian  in  Radio  Equipment.  Available 
In  standard  models  to  move  from  15  to  100  CFJA.  Mfrite  for  Bullotm  S07. 


Tested 


SHADED  POLE”  F.  H.  P.  MOTORS 

TeN  US  what  your  requirements  ore  and  we  will 
send  you  "fact  sheets"  giving  complete  specHIco* 
Nans  on  these  ilependable,  efficient,  low-cest 
Motors.  For  conNnuous  or  intermittent  duty  with 
H.P.  roNngs  ranging  from  1/15  to  l/SOO  H.P.  and 
from  1550  to  3400  R.PJA.  Plain  round  or  with  boso 
or  resilient  mounNng  ...  open  or  enclosed  coses. 


in  war 
-Ready 
for  peace 

Send  Today  For  Your  Copy 
Of  This  Interesting  Booklet 


F.  A.  SMITH  MANUFACTURING  CO*.,  INC 

801  DAVIS  Sf.  //RSh  ROCHESTER  2,  N.  Y. 


it* 

The  word  "Linde"  is  a  trade-mark  of 


ELIMINATES  NAME  PLATES 
ON  FRONT  PANELS 

A  proven  method  for  placing  durable  characters 
on  metal  panels,  chassis,  etc. 

'A' Inlaid  baked  enamel  characters, 
protected  by  background  finish;  re-  H 
sistont  to  abrasion  and  salt  spray;  H 
guaranteed  to  pass  SO  hour  salt  ■ 
spray  test.  H 

★  Front  panel  will  match  finish  of 
cabinets. 

J 


★  Recommended  and  endorsed  by 
scores  of  manufacturers  of  elec¬ 
tronic,  sound  and  communication 
equipment. 

MOAAPT  DELIVERIES-Send  us  your  bore  fobricoted 
steeLcnd  within  two  weeks  we  will 
return  it  Finished  ond  marked  to 
your  complete  sotisfoction. 


RECMUQIfERC 
n  E  E  Ir  IwI  n  1%  e  n  V 

plostic.  Shorp  cleor  char* 

4  STREET  •  NEW  YORK  7, 

on  finished  or  unfinished 

T®/.;  REctor  2-9867  surloces. 


.  .  .  yo«  can  rely  on  as  o  baying 
gnid*  to  the  components  and  in- 
strnments  nsed  in  research,  exper¬ 
iment,  and  prodnction. 

Its  contents  ore  orgonhred  for 
easy  reference,  with  materials 
gronped  by  opplication  so  yon 
con  quickly  find  what  yon  need. 

Write  today  for  yonr  free  copy 
of  this  volnable  monnai;  nse  con- 
pon  below. 


RADIO  SHACK  CORP.  »  167  WASHINGTON  ST.  •  BOSTON  8,  MASS. 


PIrjit  ttnt!  my  copy  •/  yon  ytuf  etiJof  to 

Same 

. .  fhir . .  . 

Compmy 

No.  Stftet 

city 

City 

State 

I  i«E 
I  lt)E.  ‘ 

Li>'" ' 


LINDE  AIR  PRODUCTS  COMPANY 

l/nif  of  Unton  Corbtde  ond  Carbon  Corporation 
Ife  E.  47nd  Si..  New  Yofk  17  Officev  m  Principal  Citiev 

In  Conado  Dominion  Oxygen  Compony,  Ltd  .  Toronto 


WIRES 


mADE  BV 


F0« 


ttaccalrolinQ  apon 

lei  the  Uttialion 


cornish 

WIRE  COMPANY, 

Pttk  Itn  New  York  City.  New  York 


VICTORY 


HELIl’M 

KRYPTON 

i\l  ON 

Xhno’n 

MiXTI-RLS 

.  .  ,  Spectroscopically  Pare 
.  .  .  Easily  removed  from  bulb 
without  contamination 

Scientific  uses  for  Linde  rare  gases  include— 

1.  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  stroboscopic 
devices. 

3.  Metallurgical  research. 

4.  Work  with  inert  atmospheres,  where  heat 
conduction  must  be  increased  or  decreased. 

Many  standard  mixtures  are  available. 
Special  mixtures  for  experimental  purposes 
can  be  supplied  upon  request. 


3199 
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Broadcast  Station 
Mrectional  Eqiipment 

Hove  you  investigated  the  pos- 
•ibilities  of  increasing  power  by  in- 
etalling  directional  ontenno  equip- 
aient  to  "protect"  other  near-by 
Stations  on  your  frequency?  If  not, 
this  should  definitely  be  o  port  of 
your  Post-War  plans. 

Johnson  Engineers  are  pioneers 
in  the  directional  antenna  equip¬ 
ment  field.  They  have  completed 
ond  delivered  39  such  units  (prob¬ 
ably  more  than  any  other  manu¬ 
facturer)  and  it  is  not  too  soon  to 
place  your  order  for  Post-War  de¬ 
livery. 

Johnson  service  includes  working 
in  cooperation  with  your  consulting 
engineer  in  design  of  the  equipment, 
building  the  phasing  unit  with  cabi¬ 
net  to  match  your  other  equipment, 
furnishing  tower  coupling  units,  ond 
furnishing  concentric  line,  gas 
equipment  and  other  accessories. 

Write  to  Johnson  today  for  fur¬ 
ther  information  oud  estimates. 


jOH^snw 

a  ^amoui  name  in  JQ.aei.io 


There  is  no  other  method  of  producing  metal 
stampings  in  small  lots  that  can  equal  the  process 
originated  by  Dayton  Rogers  Mfg.  Co.  No  mat¬ 
ter  how  intricate  the  design  or  how  small  the 
quantity  requirements,  we  can  show  you  a  sub¬ 
stantial  saving. 

Write  tor  illustrated  booklet  '^176-17. 

nAYTAN  RAfiFR^  MANUPACTuaiNo  co. 

IIHI  lun  nUQCnw  2837  imi  Avt.  e.,  MIiuimwIU  7,  einn. 


approved 


ENAMELED 
MA6NET  WIRE 

e  Much  of  the  success  of 
this  Hudson  Wire  product  is  due 
to  a  new  coating  method  that  gives  a 
smooth,  permanently-edherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  spaeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  engMeer/ng  and  dn$lgn  factlltlat  ara  at  your 
ditpotal — datallt  and  quotatloM  on  reguet/. 

NiDSOR  WIRE  COMPARY 


wMmmij. 


WINSTFD  : 


Wf/ifmi 

CONSlC^lvUT 


E.  F.  Jslinsofl  Co.  Wasoca,  Miai.  i  Ri 

400 
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THEt'E'*"  A  DRAKE 

SOLDERING  IRON 

FOR  tUERY  TYPE  OF 
ELECTRONIC  WORK 


3656  LINCOLN  AVE.  CHICAGO,  ILL 


Kfiiphic  tan  be  done,  unattended,  on  a 
ainjiie  roll. 

On  either,  type  of  Rekordet,  any  conven¬ 
tional  type  of  recording  system  can  be 
used  with  proper  inMruments  such  as 
magnet  energiacd  pencil  vpr  inked  pens 
or  using  pressure  sensitive  waxed  paper. 
However,  the  Rekorders  are  supplied  com¬ 
plete  with  styli  for  use  with  Electrex 
paper  which  instantly  and  permanently 
records  when  a  small  current  pas^ 
thru  the  stylus  onto  the  paper.  Write 
for  details  aboOf  the  Rekorders 
about  Eiectrex  paper  about  the 

MONODRUM  chart  mover  with  22 
speeds  .  .  .  and  about  the  DUALDRUM 
chart  mover  with  56  speeds  and  overall 
speed  ratio  of  from  1:1  to  1:10.000,000! 


The  most  versatile  Chronograph.  Invalu¬ 
able  for  graphic  recording  in  .  .  .  pro¬ 
duction  ....  cootrol  .  .  .  biology  .  .  . 
raa^ch  .  .  .  timing  .  .  .  and  any  quali¬ 
tative  phenomenon.  Synchronous  orisre  for 
"dead  •  beat”  accuracy.  Nine  remarkable 
speeds. 

DRUM  TYPE.  All-aluminum  drum  bolds 
durt  paper  25  cm  by  50  cm.  SnMlied 
with  up  to  50  stylui  to  provide  50  tunul- 
tancotts  recordings.  Drum  turns  one  revo¬ 
lution  (50  cm  or  chart)  at  any  of  the  easily 
select^  speeds  of  1  min.  ...  5  min.  .  .  . 
15  min.  ...  1  hr.  ...  4  hrs.  .  .  . 
12  hrs.  ...  1  day  ...  1  week  .  .  . 
4  weeks.  By  m  of  low-cost  screw-feed 
attachment  a  single  continuous  spiral  re¬ 
cording  up  to  2,500  cm.  long  (80  ft.) 
may  be  had  on  single  chart. 

CONTINUOUS  ROLL  TYPE.  Employs 
roll  of  recording  paper  from  5  to  25  cm. 
(2"  to  10”)  wide  in  lengths  up  to  _  125 
feet.  Same  nine  speeds.  Bv  using  widest 
paper  and  50  styli,  more  than  a  mile  of 


"SURCO  AMERICAN’’ 
Plastic  Insulation 

liUi,  eoen4f.  om  ol 

fifoun,  i^pjecifficaiionS. 


ojrre 


orre 


CHICAGO  I^EIGHTS 
ILLINOIS 


You  need  only  to  list  your  specifica¬ 
tions  to  obtain  exactly  the  qualities 
you  require  in  "Surco-American"  Flex¬ 
ible  Plastic  Tubing.  Our  own  formula¬ 
tions,  are  rigidly  tested  to  withstand 
the  widest  range  of  conditions,  tem¬ 
perature  extremes,  non  inflammability, 
ageless  durability,  maximum  flexibility; 
proof  against  moisture  and  all  kinds 
of  weather.  Available  in  continuous 
lengths,  inside  diameters  from  .005  to 
2",  packed  exclusively  to  maintain 
original  round  form.  Other  features 
of  "Surco-American"  formulations  are 
non  fogging,  high  insulating  resistance, 
dielectric  strength  which  averages  1 500 
volts  per  mil.  thickness,  resistant  to 
abrasion,  clear  and  in  all  colors. 
"Surco-American"  tested  products  also 
include:  flexible  plastic  insulated  wire 
in  all  colors  and  sizes,  insulating  tope, 
special  tubing  and  wire.  Complete 
technical  data. 


STEATITE 

CERAMIC 


From  thaL  mighty  mite 


the  Drake  No.  400  to  the  high 
speed  production  “honey” 


the  Drake  No.  600-10  there  is  u 
high  quality  Drake  Soldering 
Iron  “just  right”  for  the  job. 


CHARACTERISTICS 

SpacISc  gravity  of  only  2.5  to  2.6 
cant.  Par  cant  powar  factor. 

Wator  absorption  S.  1.5-0.001  par 
5.  1.5  to  60  cyclai  was  only  0.0165. 

Olalactric  constant  at  60  cyclas 
was  5.M000  KC  5.4. 

Makers  of  electrical  and  radio  apparatus  des¬ 
tined  for  war  service  are  finding  in  LAVITE 
the  precise  cptalities  called  for  in  their 
npecincations  .  .  .  high  compressive  and 
dielectric  strength,  low  moisture  abaorption 
and  resistance  to  rot  fumes,  adds,  and 
high  heat.  Tbe  exceedingly  low  loss-factor 
of  LAVITE  plus  its  excellent  workability 
aaakes  it  ideal  for  all  high  frequency  appli¬ 
cations. 

We  will  gladly  supply  samples  for  testing. 


Drake  Heat  Controls  anti  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


YOUR  RADIO 
PARTS  JOBBER 


ELECTRICAL  INSULATION  CO 

^efU.  C. 

84  PURCHASE  ST. 
BOSTON  MASS 


Mnin  Office  &  Works,  Chattanooga,  Tenn, 
Near  York  Noodham,  Mass.  Chicato  Los  Anfolos 
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rom 

}..fm  WE 


eiiDCDinp  n.ADRnM 


After  25  yean  we're  still  at  it  and 
expect  always  to  be.  For  reputation¬ 
building  is  o  iob  that's  nerer  finished 
.  .  .  Constant  change  and  improve- 
ment  rule  the  electricol  industry. 
These  advances  are  steadily  molding 
old  practices,  old  viewpoints,  old 
products,  obsolete.  Good  old  Superior 
brush  grades,  regardless  of  how  good 
.or  how  old.  have  to  go  when  they  no 
longer  "deliver".  New  brushes  take 
their  place,  stemming  from  consistent 
laboratory  research  and  a  close  study 
of  our  ciutomers'  needs. 


in  the 


“The  Dongae  Line  SiiKe  tfOf 


solderi 


Associated  REscA^tcH,  ** 

C  o  Y /3  o  t  a  ^ ee/ 


223  So.  Sreoi  Street 
Chicago  7,  llliaois 


Availabli  frwn 
lecol  daelvra  or 
by  writing  tec- 
4iroct. 


UNIVERSAL 

STROBOSCOPE 

Tbit  hontfy  phonogropb  tumlobU  ipooe  indirotor, 
compUto  with  inttni^vo  ToMm,  it  now  ovaiioblo 
grotit  to  oii  phonogropb  and  rocordor  ownort 
tbroo^  Iboir  local  doolort  and  |obbort.  At  a 
rocordor  aid  Iho  Univortal  Strobotcopo  will  ottitl 
in  maintaining  pro-war  quality  of  rocording  and 
roproducing  oquipmont  in  trwo  pHch  and  timpo. 
Univortal  Mkrephono  Co.,  pionoor  raonufacturort 
of  micropbontt  and  homo  rocording  componintt 
at  woll  at  Profottional  Rocording  Studio  Iquip- 
mont,  lobot  tbit  moont  of  rondoring  a  torvko  to 
tho  ownort  of  phonograph  and  recording  oquip- 
mont.  After  victory  it  ourt  — dealer  tbewot  will 
again  ttock  the  many  now  Univortal  rocording 
componontt  you  hove  boon  waiting  for. 


list€e,  Jim! 

ASSOCIATUg 

0$T  0int  m^itis 

niBAoresrs 

for  intulafion  rotittonco  totMng  but  alto 
VMOOtOUNO  for  groond  totNng,  HYROT  for 
high  veHego  breakdown  totHng,  DONUT 
tiensfennort,  SHUNTS.  RESISTORS,  end 


I 


VIBROTEST,  is  an  outstanding  name  for 
easy  simplified  and  accurafe  insulation  re¬ 
sistance  testing.  Compact,  portable,  oper¬ 
ated  in  any  position,  it  is  in  wide  use  in 
electrical  power  fields,  industry  and  all  elec¬ 
trical  departments.  But  it  is  only  one  of 
the  many  products  of  Associated  Research. 


BRIN6  YOUR  SPECIAL  PROBLEMS  TO  US 

The  experience  of  our  technicians  is  at  your 
disposal,  with  complete  facilities  for  design¬ 
ing,  developing  and  manufacturing  to  your 
requirements.  We  serve  organizations  and 
individuals.  We  produce  in  Targe  and  small 
quantities.  We  are  equipped  for  prompt 
delivery. 

WIRE  OR  WRITE  FOR  IMMEDIATE  AHENTION. 


^  UNIVERSAL 
/MICROPHONE  CO. 

/  INGLEWOOD,  CALIFORNIA 


/r? 


"740  IMPROVED 

KELNOR 

RIG.  U  .  S  .  PAT  .  O  f f 

cCcct*UC  SOLDERING  IRON 


1^0  CranLin^ 
cJHevelin^ 


Solf-confainod  power  source.  Eetily 
read  scale  shows  ohms  and  megohms. 
Vibrofesf  Model  201  illustrated.  Renge 
0-200  megohms  at  500  V.  potential, 
0-2,000  ohms,  150-300-600  volts  AC  or 
DC.  Send  for  Bulletin  on  all  models. 


til 


Stfi 


CARBON 

BRUSHES 


oboe  I  '/] 
actual  size; 
weight  Vi  lb 


G‘E  Safety  Door 
Interlock  Switch 


KIRKLAND  Pi 


loneer 


!  ms  HERS  cW  tU  ± 

ooft^t^uudUon 


THE  H.  R.  KIRKLAND  CO 
MORRISTOWN,  N.  J. 


THE  QU'ADRIGA  MANUFACTURING  CO. 

Inc.  1894  'Half  a  Century  221A  W.  Grand  Avc..  ChicaKO  10.  Ill 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


A  compAcf,  sturdy  tarminal  strip  with 
Bakalit*  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

6  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  2'/2"  wide  and  I’isI’ 

l/l"-28  screws. 

Jones  Barrier  Strips  will  Improve  as 
well  as  simplify  your  electrical  intra- 
connecting  problems.  Write  today  for 
catalog  and  prices. 

HOWARD  B.  JONES  COMPANY 

2460  West  Goorg*  Streot 
CHICAGO  It  ILLINOIS 


D  C  RELAYS  .  .  .-Small, light  weight  multi-pole  relays  .  designed  for  Aircraft 
and  Mobile  Equipment.  Also  used  extensively  in  electronic  circuits.  Designed  for 
permanence  of  adjustment  Meets  aircraft  vibration,  temperature,  humidity, 
and  altitude  specifications  as  well  as  AN-QQ-91  salt  spray  test.  '' 

CIRCUIT  BREAKERS  .  .  .  For  protecting  A-C  or  D-C  circuits.  Compact  in  design 
and  sturdy  in  construction  .  .  .  built  to  withstand  severe  field  service  Available 
with  multiple  coils  making  a  single  unit  adaptable  for  protecting  equipment  de¬ 
signed  for  operation  on  different  voltages. 

GALVANOMETERS  .  .  .  D’Arsonval  Portable  in  either  pointer  or  mirror  types  for 
laboratory  or  production  testing  service.  Movements  of  either  type  available  for 
use  as  builf  in  component  of  Other  instruments. 

GALVANOMETER  RELAYS  .  .  .  Super-sensitive  type.  Operate  on  very  small  direct 
current.  B::tremely  rugged  and  reliable. 

Full  details  and  information  full  described  in  catalog 

WRITE  FOR  YOUR  COPY  TODAY 


4313  NORTH  KNOX  AVENUE.  CHICAGO  41,  ILLINOIS 


Open  the  door  and  the  power’s 
off!  Prevents  accidents,  pro¬ 
tects  equipment.  Will  not  fail 
mechanically.  For  complete 
details,  write; 


O/E  DOME  TYPE  LENS-CAP  WITr 
HEAVILY  WALLED,  DEEPLY  CUPPED 
CLASS  LENS.  SO  OUTSTANDING  THAT 
A  COMPLETE  LINE  OF  PILOT-LIGHTS 
NAS  BEEN  EQUIPPED  WITH  IT. 


F«r  Usm  With  fh»  Mosf  Raod- 
lly  ObfalRsbl*  Lamp  falbs 

Ty»t  No.  590  D/E  Unit  for  um  with 
tbo  S6  candelabra  screw  base  laeip  an 
eoltates  up  14-120  eoHs. 


GENERAL  ^  ELECTRIC 


TIM  No.  590  D/E  Unit,  List  Price, 
dm  lamp)  $1-25. 

IpecUlratinns:  Mounting  hole,  fh'  dl- 
aaeter;  orerall  depth  liehind  the  front 
ef  the  panel  2";  length  of  threaded 
area  lA”.  Underwriters'  Approved. 
Distributed  Nationally  by 

L GRAYBAR  ELECTRIC  CO.  , 
Wrttw  for  A 

Cofalsgno 
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★ 

Transformers 
for  Combat 


AND  LOTS  QF  IT 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 


CALEDO’NIA,  N.  Y. 


s 

P  w 
R  I  F 
I  R  O 
N  E  R 
G  M 

'■i  s 


Af.£ 


Bring  your  Spring  problems  to  us 


We  will  give  you  the  benefit  of  our  forty  years  of 
experience  in  making  Springs,  Wire  Forms,  and 
Punch  Press  Stampings  tor  every  mechanical  need 
from  .  .  .  VANADIUM.  PHOSPHOR  BRONZE, 


Punch  Press  Stampings  tor  every  mechanical  need 
from  .  .  .  VANADIUM,  PHOSPHOR  BRONZE, 
PREMIER  WIRE,  OIL  TEMPERED,  STAINLESS 
STEEL,  MONEL,  MUSIC  WIRE,  CROME  WIRE. 


s 

P  T 
P  R  A 
U  E  M 
N  S  P 
C  S  I 
H  N 


6828-34  So.  CHICAGO  AVE. 


CHICAGO  37,  ILLINOIS 


lot 


25  Years' 
Experience  in 
the  Utilization 
Tungsten  Products 


Cleve-Tung  makea  twagatmn 
products  excluaivoly 


Typ*  "C**  f.C.  ••••refer 
P*rm«n«nt  M«gn*t  Field,  bell>beerlng 
•quipped:  1^4"  ouHid*  dUmater,  JH"  In 
l•nqttl  .  .  .  walghf  li  euncat. 


PROMPT  DELIVERY 


Elinco  fractional— h.p.  motors  and  gen* 
•rators  combine  compactness  and  small 
site  with  utmost  precision  and  accuracy, 
the  result  of  long  experience  and  ax* 
treme  manufacturing  care  and  testing 
.  .  .  p/vs  adequate  production  to  assure 
the  most  prompt  delivery  possible. 


ClUtca 


Type  "I'*  A.C.  Caeereter 
Farmanant  Maqnat  Flald  wound  for  ona,  two 
or  Hiraa  phasa  A.C.  lalUbaarlng  aqulppad; 
flanqa  or  bSM  mountad.  V/4'  outsida  diam> 
•tar  .  .  .  walght  U  ouncat. 


Can  supply  quantity  production  on 
standard  items,  or  produce  experimen* 
tal  or  production  machines  built  to  your 
own  specifications. 


ELECTRIC  INDICATOR  CO. 

STAMFORD  USA.  CONN 


Dscsmksr  fW  — ELECTRONICS 


CONTACTS 

FOR  THE  FIELD  OF  ELECTRONICS 


We  MaMfactire  a  eaaplete  liae  of  eqaipBeat 


SPOT  WaLDBC,  ^MUrle.  rroa  H  to  SO  KVA  aq  arc 

TRAWaroMgMB.  wwdAl  and  ttudwd  types 
UiCANDaSCam  lamp  ■•nuracturlnc  equlimeot 
PLuosascEifr  tum  makino  equipment  *7S?ArM 
FajCTBONlC  ■QmPMENT.  Taowun  pouw.  sto. 

WSTQLAB8  lilolnf  aad  cnttlnc  m«rh)nos  for  Uboratory  um 
QSNSRAL  m.Allw  Korklns  BUwniBW  and  tMuners. 

COLLEGE  GLASS  worktaa  units  for  studanu  and  lalMratory 
EltLCR  CNeiNEERINfl  CO. 

7SI  Sa.  13th  M.  (aaar  Avaa  A*a.)  Nawarfc.  Nats  Jsrisy 


AC  ARC 
WBLUEK.S 
Kroaa  100  to 
400  Amps. 


Electron  Tube  Machinery 

at  aaaiy  tm.— stanUnre,  and  laaalal  daaiea 

SpadoUats  is  BQutpiawt  tot  tka  aananime' 
tura  of  lodlo  Taboo,  r<ifbo4a  bay  Toboo, 
Flueraacaat  Lampo.  loeaadiooaot  Laaao. 
Naott  Toboo,  fboto  Collo,  Xaay  Taboo 
and  olbor  vlaao  or  atoettoalc  prodoeto,  on 
producMoa  or  laboratory  bcmaa. 


1307.1309  Savaoto  St.,  North  lorpao. 


Strip  lasalited  Wires 

OUICKKR...  BKTTKR 


wMi  A 

AUTOMATIC  WIKI  STRIbOIR  ^ 
.  .  .  Spooda  ProdwctlOB  / 

Strips  Insulation  from  all  typaa  of  Jm 
wira  —  Instantly,  aatily,  parfactly.  W 
Just  prass  tha  handlas  and  tha  fob  X 
is  dona.  Cuts  wIra  too.  Strips  000  V. 
to  1000  wiras  par  hour.  Avallabla  ' 
for  all  sixa  solid  or  strandad  wiras 
—No.  •  to  No.  30.  Ust  Prica  M.OO. 
Mfrffa  Oapt.  E  Ear  full  Eorffcatort 


GENERAL  CEMENT  mfc  co 

Rockford,  Illinois,  U.S.A. 


MORI  RP  RILOWATT  HOURS 
PER  DOLLAR  WITH 

F&  O 

TRANSMITTING  TUBES 

Inaalrlaa  lavHad — Let  na  aiplaln  how 
Saringa  ars  affaeted  aod  tha  r  A  O 
fraatar  guarantaa. 

FREELAND  &  OLSCNNER  PRODUCTS  Inc. 

All  loraaaa  St.,  Raw  Ortoamt  13,  La. 

Kaymaad  47SA 

High  Powar  Tuba  Spaeiolitta  Biclutlvaly 
(</4  To  100  KW) 


Cup  Washers 

^  0 

for  Binding  Scrows 
kA/LJ  ITCLJC  A 

^MITtncAD 

STAMPING  CO. 

1*91  W.  Lofayatto  St.,  Detroit  1«,  Mkhiqao 

»  MATERlilLS 
.MOVING 

whli  Stod-Grip  Gloves 

I  With  not  a  moment  to  be  lost, 
I  keep  men  at  work  and  materials 
I  moving  with  Steel-Grip  chrome 

f  tanned  cowhide  gloves.  Steel  rib¬ 

bons  over  tough  leather  strips; 
palm  and  fingers  reinforced,  for 
utmost  wear.  Handle  rough, 
heavy,  sharp  materials  with  speed 
and  safety  and  sureneas.  Or  what's 
your  problem?  Over  4JOO  proven 
Steel-Grip  safeguards  may  give 
’  'J  you  an  immedia/*  answer.  Used  by 
■sHf  big  industrials  since  1910.  Writefor 
catalog  or  state  your  need  today. 

U  INOUmiAL  OLOVBS  CO.* 

^  32S  Onrflald  Mvd..  DmvUto,  IN. 

Canfi'^-  Sofsfy  Suoofy  Co..  Toronto 


MICROMETER 


far 

FREQUENCY  TranllKtt:;! 

ffMN  l.$  t#  M  n€., 
trltlilii  Hr  oont 

LAMPKIN  LABORATORIES 

Iradaiiton.  Pta.,  U.  S.  A. 

FINE  RIBBONS 

TUNBSTEN  aid^MOLYBDENUM 

Making  a  modatt,  but  •fioetlTa  eontribu- 
tiorn  in  Elactronica*  War  aecomplighmants. 

H.  CROSS 

IS  Baahmaa  St.  Naw  Yark 
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ELECTRONIC 

DEVICES 


TEClirVliAL 

I^OTES 

Exr^pta  from  Mem  Home  itody 

Imamt  Boimg  Fro^rod 

tko  Diroetion  of  the  CHBI 
Diroe$or  of  Emgimoorimg  Testa 


Circuit 

Equivalents 

The  CREl  NEWS,  monthly 
house  organ  published  by  the 
Capitol  Radio  Enpneeiing  Insti¬ 
tute,  is  now  presenting  an  inter¬ 
esting  series  of  technical  articles 
on  the  subject  of  Circuit  Eqaiva- 
lents. 

The  current  article  takes  up 
actual  circuit  equivalents.  These 
include  such  elements  as  speaker 
dividing  networks,  high-frequency 
resistors  of  large  power  dissipa¬ 
tion  for  use  in  high-level  video 
amplifiers,  rhombic  antenna  ter¬ 
mination,  and  finally,  an  example 
from  the  acoustic  field,  that  of 
the  rubber  transmission  line  used 
in  a  disc  recorder. 

We  beUeve  you  will  be  inter¬ 
ested  in  this  material  and  in  the 
further  examples  that  are  to  fol¬ 
low  in  succe^ing  issues.  If  so, 
we  will  be  glad  to  place  your 
name  on  our  mailing  list  to  re¬ 
ceive  copies  of  the  CREI  NEWS, 
free  of  charge.  Merely  write  to 
Capitol  Radio  Engineering  In¬ 
stitute  and  ask  for  your  copy  of 
the  December  CREI  NEWS,  plus 
other  issues  discussing  Circuit 
Equivalents. 

The  subject  of  “Circuit 
Rquivalents”  Is  but  one  of 
many  that  are  being  con¬ 
stantly  revised  and  added 
to  CREI  lessons  by  A. 
Preisman,  Director  of  Ba- 
gineerlng  Texts,  under  the 
personal  supervision  of 
CREI  President,  E.  H. 
Rietzke.  CREI  home  study 
courses  are  of  college 
calibre  for  the  professional 
engineer  and  tecbnicUa 
who  recogniaea  CREI  train¬ 
ing  as  a  proved  program 
for  personal  advancement 
In  the  field  of  Radio-Blec- 
tronlcs.  Complete  details 
of  the  home  study  courses 
sent  on  request  .  .  .  Atk 
for  Si-pago  booklet. 


CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

E.  H.  RIETZKE.  President 
Home  Study  Course*  m  Pructieml 
Radio-Electronics  Engineering  for 
Professional  Self-Improvement 

D«pf.  E.12,  3224.UN1  Sf..  N.W. 
WASHINGTON  10,  D.  C. 

Contractors  to  the  U.  S.  Navy — U.  S. 
Coast  Guard — Canadian  Broadcasting 
Corp. —  Producer!  of  Well-Trained 
Technical  Radiomen  for  Industry 


SEARCHLIGHT  SECTION  @ 


Professional  Services 


WALLACE  CLARK  &  COMPANY 

Consulting  Management  Engineers 
as  yMit  banning  in  tha  Finidt  of  Rotoarch, 
Davalopmont,  SalM.  EnglnaaHng,  Production 
FInanca  and  Ovarali  Managamant. 


S2t  FMtk  Ar»nu» 


Nuw  Yarit  V.  N.  Y. 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL.  ELECTRONICS 
Daaln — DoTelopmoBt — Btodela 
OMapleta  Labarstorjr  and  Shop  Faeilltlea 
«SOt-U— S7t)i  Ave. 

KoBoabit,  Wla.  TelephoBO  2>481S 


j.  L  A.  McLaughlin 

Designer  of 

Communications  Receivers 
P.  O.  Box  529,  Lajolla,  Calif. 


E.  MIHLEMAN 

Consultant  Engineer 
ELECTRONIC  EQUIPMENT 
BUILT  TO  ORDER 

‘rib.  SOS  1<S  Waabiartoa  St..  N.T.C.,  N.T. 
Baakman  S'etSS 


M.  F.  M.  OoBORNEassociates 

Consulting  Physicists 
Mathematical  Ahaljraia  of  Pbraleal  Prok- 
laBia.  Hlxhar  Mathamatica,  Approxlma- 
tiona  Electronic  Daslvn.  Fluid  Dynamlca 
Macbanlca.  Electromagnatic  and  Acouatic 
Wave  Propagation.  Litaratura  Survajra, 
Reporta. 

70S  Albae  Bldg.  Waablngton  5,  D.  C. 

Talaphona  DIatrict  S41B 


JOSEPH  RAZEK,  PI1.D. 

Consulting  Physicist 
Maetrlcal  and  Heehanlcal  Eaglaeeriai  ProblMM 
iBitromenti  and  control  Derleea  ElaeboBlea 
SpedaUata  in  CohirlaMtiT,  SpectaobotoaaeUT  and 
Induatrial  Color  ConOoi 
Laboratory  aad  Shop  FaoUUlaa 
202  Darby  Read  Llanareh.  Pa. 

Phona  Hintop  Ml# 


/nvanfora:  Hava  you  patent*  for  ditposal 
kora  or  abroao? 

Manv/ocfuran.*-Aro  you  soaking  Important 
now  producta  or  procastas  for  prasant  or 
future  aaploitatlon? 

W.  1.  KAHN  CO..  BB1  nfNi  Ava..  N.  Y. 

ImSermsSiomal  PaSemS  Brokers  •  Est.  1904 


SURPLUS 

WANTED 

Metert-Traisf  oniers- Rhetstats 
Coatrol  Devices 
Electroaic  Crapeaents 

ELECTRO-TECH 

EQUIPMENT  CO. 

331  Caaal  St.  H«w  York.  13,  N.  Y. 


POSITIONS  VACANT 

WORKING  FOREMAN,  for  electrical  repair 
'  ahop  doing  large  and  amall  work  of  all  typea. 
good  opportunity,  good  pay  for  right  man.  Box 
1029,  Mitchell  Advartlaing  Agency,  1  Baekman 

3t.,  New  York  City. _ 

DESIGN  ENGINEER — 3  yeara  unlveraity  train¬ 
ing  minimum  experience  in  development  and 
deaign  of  ampllflera  and  vacuum  tube  control 
devices.  Good  poatwar  future  with  progreaaive 
Chicago  manufacturer.  P-75(,  Electronics,  B2.0 
N.  Michigan  Ave.,  Chicago  11,  Ill. 

_ EMPLOYMENT  AGENCY 

ELECTRONICS — More  positions  are  coming  in 
daily  for  well  qualified  men  in  Electronlca 
Our  service  is  Nation  wide  and  covers  all 
branches  of  Engineering.  More  than  81  years 
at  the  same  address.  The  Engineering  Agency, 
Inc.,  BS  W.  Jackson  Blvd.,  Chicago  4.  Illlnoia 


EMPLOYMENT  SERVICE 


SALARIED  POSITIONS  —  This  advertising 
service  of  34  years  recognised  standing 
negotiates  for  high  salaried  supervisory  tech¬ 
nical  and  executive  positions.  Procedure  will 
be  Indlvlduallied  to  your  pdrsonal  require¬ 
ments  and  will  not  conflict  with  Manpower 
Commission’s.  Retaining  fee  protected  by  re¬ 
fund  provision.  Identity  covered  and  present 
position  protected.  Send  for  detalla  R.  W. 
Bixby,  Inc.,  278  Delward  Bldg.,  Buffalo  3, 
N.  T. 


POSITIONS  WANTED 


ENGINEER:  Age  32,  American,  8  yeara  experi¬ 
ence  in  industrial  and  aircraft  electronics, 
electrical  instruments,  radio  and  refrigeration, 
desires  position  in  design,  development  on 
manufacturing.  PW-747,  Electronics,  330  W. 
42nd  St..  New  York  18,  N.  T. 


PHYSICIST-EXECUTIVE  — Ph.D.  experience: 

commercial  laboratory  researsh  and  super¬ 
vision,  and  management  of  small  group  design¬ 
ing  and  manufacturing  electronic  test  equip¬ 
ment.  Position  wanted  as  manager  of  devel¬ 
opment  for  a  large  corporation  or  general  man¬ 
ager  of  a  amall  highly  technical  buainesa  A 
good  connection  is  a  fundamental  requirement. 
An  increase  in  earning  power  is  not  expected. 
Reply  to  PW-757,  Electronics,  330  W.  42nd  St., 
New  York  18,  N.  Y. 


ENGINEER.PHYSICIST  MS  '37  with  seven 
years  outstanding  experience  in  design, 
specifications,  research,  costs  and  supervision, 
desires  Pacific  coast  supervisory  position.  Ed 
Baldwin.  110  Skancke,  McPherson,  Kansas. 


TECHNICAL  WRITING  employment  wanted  by 
analytical  chemist  who  is  also  radio  amateur 
and  has  taught  radio  and  electronics.  PW-758, 
Electronics,  520  N.  Michigan  Ave.,  Chicago  11, 
III. 


SALESMAN  WANTED 


WANTED:  SALEIS  engineer — Experienced  in 
the  field  of  precision  scientific  and  optical 
instruments  for  industrial,  institutional  and 
laboratory  users.  Must  have  technical  back¬ 
ground  and  sales  organization  ability  for  setting 
up  and  developing  the  post-war  markets  for 
a  substantial  and  well  equipped  New  York 
corporation  manufacturing  the  highest  types 
of  instruments  and  optics.  This  is  a  real  op¬ 
portunity  for  the  right  man  to  head  up  our 
sales  engineering  department  for  post-war 
work.  Write  fully  education  background  and 
experience.  Relies  strictly  confldentiaL  SW- 
759.  Electronics.  330  W.  42nd  St.,  New  York  18. 
N.  Y. 


SALESMAN  AVAILABLE 


SLALES  ENGINEER,  radio,  at  present  in  Armed 
Forces,  is  looking  for  pest-war  position  in 
South  America  or  Mexico.  Eighteen  years  ex¬ 
perience  covering  sales,  maintenance,  and  in¬ 
stallation  of  radio,  radar,  and  Industrial  elec¬ 
tronic  equipment.  B.8.  in  Communication 
Engineering.  8A-7M,  Electronics,  330  W.  42nd 
St.,  New  York  13,  N.  Y. 


AVAILABLE 

RADIO  SPECIAUST.  44.  Married.  Good 
health.  Calilomia  resident  eighteen  years. 
TweBty.five  years  wide  experience  from 
laboratory  to  retail  sales.  Semi-executive. 
Public  relations  expert.  Technical  knowl¬ 
edge  transmitters,  receivers,  antennas  ana 
high  ireguency.  Fourteen  years  associa¬ 
tion  with  government  broadcast  and  utility 
officials,  distributors,  dealers  and  public. 
Top  references,  luioiested  In  permanent, 
responsible  h'.gh-class  proposition.  West 
Coast  territory. 

Write  Box  PTV-76B,  Electronics 
(8  Post  St.,  San  PVancisco  4.  Calif. 


RADIO  ENGINEER  WANTED 
PLANT  MANAGER  $7,500  -  $15,000  UP 
To#  ra#i«  dMifn  snilseer  wantsd.  May  alts  be 
«sd*  blast  manaisr  if  qualiSed.  War  work — roestv- 
ors  ate.  Psot  war— home  radios,  radio  phonos,  tolo- 
vWoa.  oloetronic  ssteialtiet  otc.  Preeporous  growint 
SMdiam  tlnd  N.  Y.  radio  mfr.  Sptoodid  opportas- 
Ity.  Our  osginoors  know  about  this  sdvertisomost. 
Soad  ssmglolt  bsekgrosnd,  talaiiot  oarsed  etc.  Ws 
say  vary  hlghsil  tsiarlao  to  prsdticors. 


ELECTRONIC  TECHNICIAN 
CONSTRUCTION  WORK  ON 
RADIO  TEST  EQUIPMENT 

Poof  War  Fufuref 

PREMIER  CRYSTAL  LAIORATORIES 
43  Pvfc  Row  (Nr.  City  Halil  N.  Y. 


REPRESENTATIVE  AVAILABLE 


WANT^O'Repressnt  elsctronie,  radio,  or  elec¬ 
trical  equipment  manufacturers  in  Texas. 
Electrical  engineer  (professional  license)  with 
wide  acquaintance.  Has  had  valuable  sales 
experience.  RA-761,  Electronics,  620  N.  Mich¬ 
igan  Ave.,  Chicago  11,  Ill. 


BUSINESS  OPPORTUNITY 


HAVE  ACQUIRED  Delaware  charter  for  Key 
Broadcasting  System  Inc.  Propositions  in¬ 
vited.  BO-752,  Electronics,  330  W.  42nd  St., 
New  York  18,  N.  Y.  , 


BEST  QUALITY,  USED 
.  ELECTRON  TUBE  MACHINERY 

Equipment  for  the  msnufsctura  of  sU  kinds  of 
sleetron  tubas,  rsdls  tubas,  Inesndasosnt  lamps, 
neon  tubas,  photo  slsetrie  ealls,  X-rsy  tubas,  ota 

AMEIICAN  ELECTRICAL  SALES  CO..  INC. 


SALES  ENGINEER 
for  SOUND  EQUIPMENT 

Eastern  division  of  national  elec¬ 
tronic  company  has  permanent  posi¬ 
tion  for  outstanding  sales  engineer, 
contacting  large  industrial  markets 
on  sound  equipment.  Man  must  have 
sales  and  engineering  background, 
experience  selling  to  industry,  and 
technical  knowledge  of  sound  equip¬ 
ment.  Engineering  degree  or  extensive 
engineering  experience  desired  but  not 
essential  .Good  salary  and  bonus.Write 
details  to:  Dept.  11,  Box  429,  Grand 
Central  Annex,  New  York  17,  N.  Y. 


SALES  ENGINEER 
FOR  TUBES 

Eastern  division  of  national  electronic 
manufacturing  company  has  position 
for  sales  engineer  familiar  svith  use 
of  tubes  in  various  types  of  electronic 
apparatus.  Man  should  have  merchan- 
dising  and  engineering  background, 
knowledge  of  industry,  and  executive 
ability.  He  must  be  able  to  talk  to 
technicians  in  factories,  work  with 
people  and  supervise  a  small  stsdf  of 
salesmen.  Good  salary  and  bonus. 
Write  for  full  details  to:  Dept.  2E, 
Box  429,  Grand  Central  Annex.  New 
York  17,  N.  Y. 


FOR  SALE 

KINNEY  PUMP  UNIT 

V.SJ>.  778  with  GX.  motor, 
prewar  made,  nary  little  sued, 
no  priority  needed.  Make  oiler. 

FS-764.  Electronlca 
330  W.  42nd  St.,  New  York  II.  N.  Y. 


45-47  Rest  8tk  Sf. 


New  York,  N.  Y. 


Meiers  —  Panel  instruments  SVk**  alse,  mi- 
sioammetors,  voltmeters,  aasmetera,  RF. 
meters.  milUammeters.  Large  TorletY. 
Multi-range  small  portobles.  Prempt  de- 
Ihreties.  Advise  what  you  wont  for  que- 
I  tottea.  HalUcroIters  SX-2B,  25. 

HATRY  AND  YOUNG 

I  203  Aee  Street,  Hertford  3.  Ceeaectieet 


■r 


LARGE  EASTERN  RADIO  MANUFACTURER 
has  an  opening  for  a  CHIEF  ENGINEER 
in  its  BROADCAST  RECEIVER  SECTION 


Excellent  opportunity  for  the  right  per¬ 
son.  Must  hove  adequate  experience  and 
background.  Salary  $8,000  to  $12,000  per 
year  depending  upon  ability  and  experience 
of  applicant.  War  Manpower  Commission 
regulations  apply. 

Address  all  replies  to 

P-749,  Electronics 

•  330  West  42nd  Street.  New  York  18,  N.  Y. 


WANTED 

DEVELOPMENT  ENGINEERS 

Mechanical  and  electrical.  Graduate  or 

equivalent  training.  Required  for  develop¬ 
ment  work  in  the  following  branches: 

1.  Electro-mechanical  devices,  communi¬ 
cation  systems.  Must  be  interested 
in  development  and  familiar  with 
magnetic  circuits. 

2.  Measuring  and  control  instruments. 
Background  should  be  in  electrical 
engineering,  including  electronics. 

Statement  of  Availability  Required, 
P-752,  Electronics 

330  West  42nd  St.,  New  York  18.  N.  Y. 


WANTED 

DESIGNER 

A  Cantral  N*w  England  manufactnrar 
•mploying  OT«r  1000  p«opl«  nMda 
Draftsman-Datignar  on  talaphona  and 
glgn^ing  (machonical)  opparatna. 
Xnowladga  of  dia-costing  and  plasHc 
I  applications  dasirobia. 

WMC  Eagniatloas  Praaaii 
P-75S.  Electronics 

ISO  West  4Snd  Street.  New  York  II.  N.  T. 


ELECTRONIC  EXPERT 

Nssdsd  is  Mssaassisnt  sf  laris  Nsw  Ysrfc 
Blast.  CapaMs  sf  taisrviiiai  sianefaetars  ef 
irantmlttlBt  and  rasslvini  radio  asssaiMist. 
tranaferaiirs  and  ether  eleetrenle  taaiinent. 
Excellent  eaanrtvnity.  Write  perMnal  and 
irefeuional  aai'lllleatiens.  lalary  expaeted. 

■ox  2C9,  Saits  1024, 

122  E.  42nd  St..  N.  Y.  17 


ELECTRONIC  ENCINEER 
OR  PHYSICIST 

Devsiopment  Work  Post  Wtar  Fntars! 

Prealer  Crystal  Laboratories 

*3  Park  Row  (Nr.  City  Hall)  N.  Y. 


Opporfunify  for 

Experienced  Glass  Blower 


One  familiar  with  electronic, 
tube  glass  work  and  ap¬ 
paratus  for  general  all-rovmd 
work  in  vacuum  tube  research 
laboratory. 

This  is  a  chance  to  become 
associated  with  a  prominently 
established  television  and 
radio  firm,  where  there  is  a 
peace-time  future,  commensu¬ 


rate  with  initiative  and  ability. 
Congenial  surroundings  with 
excellent  working  conditions. 
Write  fully  to  Mr.  Buttino,  stat¬ 
ing  experience,  age,  draft 
status,  and  salary  require¬ 
ments.  All  replies  will  be  held 
in  strictest  confidence,  but  a 
statement  of  availability  is 
required. 


FARNSWORTH  TELEVISION  AND  RADIO  CORPORATION 


3702  East  Pontiac 


ELEaRiai  ENGINEERS 

WANTED 

For  rasaarch  and  davalopmant  in  tha  fiald 
i  of  radio  communication  and  alaetrical 
I  fast  aguipmant.  Good  postwar  oppor- 
*  tunity. 

4fsa  Opaafaft 
AvaMoaia  fir 

DRAFTSMEN  ' 

AND 

JUNIOR  DESIGNERS 

ALLEN  D.  CARDWELL  Mfg.  Carp. 

t1  Prespaef  St.  Ireoklya,  N.  Y. 


EXIIOTIVE  ELEeTRONIOS  EM6INEER 

CanMs  sf  Biasailss  r.snsfaetMrs  sf  Ultra  Hiah 
FrsiasMy  aqilisMst.  Faaiillar  wHh  plant  lay-sut. 
sMsaibly  spsratlsst.  dssiin  sntinssrint.  asthadi 
sntisssrist,  ste.  Should  havs  knowledts  ■llltary 
taetlsal  siulpaisnt.  Prsvioas  sxpsrisnee  sj  Wsrfci 
Manapar,  Gsssrsi  Manaisr,  sr  Chisf  Eniinssr  prs- 
fsrrsd.  In  charts  sf  divisien  440  ts  400  sapisysss; 
I  proprsMivs  esnearn,  sttsMIshsd  (Inca  1000.  Sssd 
esasists  rssua*  and  phots  ts  P.7C3.  Elsetroaici. 
330  West  42nd  St..  Nsw  Ysrfc  IS.  N.  Y. 


Fort  Wayne  1,  Indiono 


POSITION  WANTED 

DevelopnoRt  EngiRoer 

M.  I.  T.  Graduota  In  Elactricol  Engi- 
naaring.  36  Taora  old.  with  broad  ra- 
taorch  and  davalopmant  bockgrotind. 
wiahat  to  locota  with  prograstiva  man- 
uiacturar  or  laboratory.  Tan  yaora  ax- 
parianca  in  puccaasinlly  davaloping 
procaiaaa  and  products  in  tha  alactriool 
iiald.  Ejcparianca  covars  all  phosas  of 
davalopmant  from  appraisal  of  idaos 
thru  rasaarch.  dasign  and  tasting  to 
iinal  adaptotion  for  production.  Pros* 
antly  situa'sd  in  tha  East,  marriad  iHdi 
family  but  willing  to  ralocato  for  ad¬ 
vantageous  opportunity  netting  around 
$12,000. 

PW-748,  Electronics 

330  West  42nd  St..  New  York  II.  N.  Y. 


SEARCHLIGHT  SECTION 


BMnt  and  eontrsi  at  prsestset  and  rsipontlbillty  far 
MSlntalnlnp  law  thrinfcais  ratio*. 


whs  ess  work  eoopsrstively  and  dndsrttnndinply 
with  sthsr*. 

We  will  arrsnts  tarty  Intsrvlsw*  for  luallSed 
appileaats  whs  faraith  full  dstalU  esaesraisf  spa, 
sducatten,  prsvlem  axperlenee  and  salary  axpseted. 

Sylvaiia  Electric  Prodacts  Inc. 

fsdatfrfol  Rafoflans  OaporfaMitf 
500  Flffh  Ave.  New  York,  New  York 


ELECTRONICS  — Decdmher  1944 


SEARCHLIGHT  SECTION 


ENGINEERS 

JUNIORS  &  SENIORS 

For  research  ond 
Developmeht  work 
in  Electronics. 

• 

E.  E.  DEGREE 

3  to  5  yeors  experience 
desiroble. 

• 

Excellent  opportunity 
with  one  of  America's 
Foremost  Electronic 
Laboratories 

HAZELTINE  CORPORATION 

5t.25  LITTLE  NECK  PARKWAY 
LittI*  Neck.  Long  Islaad,  N.  Y. 


For  design  and  development  of 
Army-Navy  Electronic  Equipment. 
The  position  offers  on  excellent 
opporttinity  w5th  a  well-estob- 
li^ed  and  expanding  company 
in  Connecticut,  employing  over 
100  personnel.  The  company's 
big  postwar  program  in  the  indus¬ 
trial  electronics,  audio  and  oircrait 
communication  fields  assures  a 
continued  opportunity  to  engineer¬ 
ing  personnel  for  advancement. 

P-74S,  Bl*ctronles 

II*  WMt  4tad  St..  N«w  T«rk  II.  N.  T. 


Peneesest  Esiployiaest 

ELECTRONIC  DEVELOF- 
MENT  ENGINEERS 

Wall  •  •stabliskcd  Eatt*rn  MaMschusstts 
concern  dotirot  graduato  alactronic 
anginaart  with  flair  for  rasaareh  and  ay* 
to  fatura.  Parmanant  position  eoncarnad 
at  prasant  with  important  davalopmant 
work  for  govarnm'int  with  incraasad  op- 
portunitias  aftar  tha  war.  Unusual  open¬ 
ings  for  man  with  capacity  and  initiative. 
Must  be  U.  S.  Citizens. 

P-Sro.  Bleetronica 

110  W.  4Snd  St..  New  York  11.  N  .T. 


Wanted 

ENCINEERS 

Radio 

Cbomieol 

*  Eloctrieal 
Electronic 

*  Mochanicol 
Metallurgical 

*  Factory  Planning 
Materials  Handling 
Manufacturing  Planning 

Work  is  cessectieB  wINi  fbe  Biaaafac* 
iter*  ef  a  wide  variety  of  new  end  od- 
Iveaced  types  of  eoaiBieniecrtioas  oqaip* 
iaioat  oad  spociol  oloctroaic  products. 

Apply  for  write),  glvisg  , 

Ml  gaoIHleafless,  tc: 

jR.  L.  D..  EMPLOYMENT  DEPT.! 

Western  Electric  Co  . 

hOO  CENTRAL  AY..  KEARNY.N.J. 

*Also:  C.  A.  L. 

Lacast  St.,  Hovarlilll.  Mass. 

I  Applicants  must  comply  with  WMC  ragulatlens 


m 

1 

■  kll 

m 

ELECTRICAL  ENGINEERS  I 

Graduate  or  non-graduate  Electrical 
Engineers  with  at  least  three  years 
of  recent  radio  circuit  or  laboratory 
experience  are  needed  for  the  develop¬ 
ment  and  design  of  pocket  size  radio 
and  audio  frequency  equipment.  The 
company  is  well  established  in  the 
electronics  field  and  offers  the  right 
man  a  salary  dependent  on  his  experi¬ 
ence  and  also  tlM  opportunity  to  grow 
in  a  relatively  new  field.  The  company 

Its  located  in  the  suburbs  of  a  large 
New  England  City. 

P-T4S.  Electronics 

{  III  West  4Snd  8t..  New  York  IS.  N.  Y. 


DESIGN  &  DEVELOPMENT 
ELECTRONIC  ENGINEER 

Radio  or  alactronic  anginaar  for  dasign 
and  devciopmant  of  Army  and  Navy 
alactronic  equipment.  Position  offers  *x> 
callant  opportunity  with  woll  astablishad 
and  expanding  company  in  Connecticut 
employing  over  on*  hundred  partonnal. 
The  Company's  big  postwar  program  in 
th*  industrial  alactronics,  radio,  and  air¬ 
craft  communications  fialds  assures  engi¬ 
neering  parsonnal  a  continued  oppor¬ 
tunity  for  advancement.  Reply  to: 

P-748,  Electronics 

330  Weet  42nd  St.,  New  York  13.  N.  T. 


Manufacturer  of  Electronic 
equipment  seeks  the  services  of 
qualified  Bectronic  Engineers 
end  Mechanical  Designers  for 
development  end  research  work 
on  high  quality  AM-FM  Radio- 
phonographs.  Extensive  experi¬ 
ence  required  in  Design  Encineer- 
ing  of  Electronic  equipment,  in¬ 
cluding  receiver,  radio  chassis 
and  dial  mechanisms.  Engineer¬ 
ing  degree  desirable  but  not 
essential.  Excellent  opportuni¬ 
ties.  Please  submit  resume. 

PHILHARMONIC  RADIO 
CORPORATION 

52S  East  72ad  Street- 
NEW  YORK  21.  N.  Y. 


SENIOR 

RADIO 

ENGINEERS 

Project  development  engi¬ 
neering  positions  open  with 
excellent  postwar  future  as¬ 
sured.  Salaries  open.  Con¬ 
fidential  inquiries  respiected. 
International  Detrola  Cor¬ 
poration. 

P-7S4,  Blectronica 

13*  N.  MIohlsan  Ava.,  Chlcaao  tl.  III. 


CHIEF  ENGINEER  or 
ELECTRICAL  ENGINEER  or 
CHEMIST  OR  ELECTRO-CHEMIST 

SxparloMad  la  th*  maaoloetar*  *i  ao- 
poalten  oad  wall  vanad  ia  th*  thaerr 
of  dlalactrlca.  ThU  la  oa  uauaual  eppor- 
tualtr  far  oa  aagiaaar  ecmohl*  of  direct- 
lag  th*  raaaorch  oad  davalopmant  oetivl- 
tiaa  of  a  middlo  also  midwoatora  coneara. 
Raplr  atotiag  full  portieulors  ragordiag 
ag*.  aducotloB,  axpariaac*. 

P-7S7,  Blactronica 

ISO  North  Mlchlcsn  Ava..  Cbtcaao  11,  Ill. 


i 


®  SEARCHLIGHT  SECTION 


HELP  WANTED 

TRANSFORMER  & 
SMALL  ELECTRIC 
MOTOR  MEN 

ENGINEERS 

DESIGNERS 

DRAFTSMEN 

TECHNICIANS 

Pw  war  tim»  and  po«t-war  dMign 
and  d«T*lopa>Mt  oi  iatrleat*,  spoel^ 
iMd.  kMOMtieaUr  moM  traasfennara, 
oad  apoeial  purpoM  fracHraol  h.p. 
melon. 

WrHo  giTlog  dotaila  about  age,  ox> 
perieaee.  post  •olorioo  to 


GTROSCOPt  COMPANY.  INC. 
Renorob  Loberotorles 

StowcH  Ave.  A  Cliotoo  Rd. 
Gordon  CHy.  New  York 


—WANTED— 

—LICENSED— 

RADIO  AMATEURS 

We  have  lerenl  excellent  well-paying  ^ 
tttioof  available  _  in  our  organoation  for 
competent  technical  men  who  are  tbor- 
ou^ly  familiar  with  all  types  of  parts, 
tubes,  meters,  test  equipment,  recmvers, 
transmitters,  etc.  Splendid  opportunity  for 
some  one  residing  in  Metropolitan  New 
York  area. 

Permmmemt  Posisions  •  Good  P«y 
Apply  m  ptrsoH  or  uviiimt. 

SUN  RADIO  A  ELECTRONICS  CO. 

212  Felton  Street  e  New  York  City  7 


RADIO  TELEVISION 
ENGINEERS 

Doyolopnwhtal  Englaoan  thor- 
onghly  oxparioncod  In  doolgn  of 
radio  or  toloTlsion  oqnlpmont 
roqulrod  tanniodlatoly.  Pool  war 
pormononco  cnsiirod  right  mon. 

WrUo  fall  dotaila  Inclodlng  odocatlen. 
oxportonco  and  atotna  of  arallabillty. 

P-7SI,  Xleetronlee 

Ita  Went  4Snd  St..  New  Terk  It.  N.  T. 


WANTED 

ELECTRONIC  TUBE 
ENGINEERS 

For  television  and  ultra 
high  frequency  tube  de¬ 
velopment  and  technical 
tube  work,  also  radio 
technician. 

P-751,  Electronics 

SSO  W.  42nd  St.,  New  York  18.  N.  Y. 


ELECTRONICS  — December  1944 


WOMEN! 


We  hove  a  number  ei  Hne  young  weaaen  eagineers  with  ue  now.  We  need  mere. 
If  you  have  a  degree  in  Qectiteal  Engineering,  Phyeiee,  Chemistry  or  Mathematice 
and  are  seeking  career  eppertnidtiea,  inveetlgale. 

PkoBo  or  Writ* 

DR.  L.  GRANT  HECTOR,  Director  of  Eegineering 

NATIONAL  UNION  RADIO  CORPORATION 

RESEARCH  LARORATORIES 

Plane  St.  of  Raymond  Blvd.  Newark,  2,  New  Jersey 

WMC  RULES  ORSERVED 


CHIEF  LOUD  SPEAKER  ENGINEER 

The  Rola  CompaiiY,  Inc.  requires  the  services  of  an  engineer  who  has  had 
several  years  experience  and  is  capable  of  heading  this  division. 

Pr0tent  urorh  is  mn  100%  urgent  war  products. 

Excellent  post-war  opportunity  with  an  outstanding,  financially  sound, 
long-established  manufacturer  of  radio  loudspeakers  a.id  transformers. 

This  Company  now  has  definite  plans  for  an  extensive  expansion  in  its 
Engineering  and  Manufacturing  Divisions. 

Salary  open.  —  Write  to 

THE  ROLA  CO]^IPANY„  INC. 

S530  Sap«rior  Aaetoae  Oewelaad,  14,  Ohi« 


EXtEPTIONAl  OPPOBTVMITY  FOR 

Experienced  Radio  Engineers 
and  Technical  Writers 

Ona  of  Amarica'a  lorgast  tronsmltter  raonufacturars  located  la  the 
Middla-wast  has  openings  on  Us  anglaaering  staff  for  esperieneed 
rodlo  enginoors  ond  technical  writers.  The  engineers  will  be  offered 
an  opportunity  to  work  on  the  most  advanced  type  of  mlUtory 
•golpmont  and  will  partidpato  In  extensive  poet-war  development 
plaiu.  We  will  be  partlcnlorly  recephve  to  appUcotioiu  from  men 
experienced  in  airllae  radio  and  railroad  conunnalcations  work. 

The  technical  writers  should  be  experienced  in  preparing  liuitruc- 
tion  manuscripts  to  Array  and  Novy  spedflcatloas.  They  will  olso 
be  required  in  the  post-war  period  to  write  similar  moterial  for 
commercial  opplicotions  ond  technical  copy  for  trade  publications. 

Ideal  working  conditions.  Salary  rots  coaBmensurable  with  ability. 
Stots  age,  experience,  education,  and  references.  Address  replies  to 

Chief  Radio  Eagiaeer 

AIRCRAFT  ACCESSORIES  CORPORATION.  ELECTRONICS  DIVISION 
Fairfax  and  Feastoa  Reads,  Kansas  City,  Kansas 


[•]  1 1  L*J  f 


Um^  Mh  Me6RAW-HiU  cmpmI 
■•firMT-Hill  BMk  Co..  330  W.  42  St.,  N.Y.C.  IS 
■Md  mt  Bondlck’i  Eloetroiiico  for  Boys  ond  Olrli  for  10 
Soya’  oiamtnotioo  on  opproraL  In  16  days  I  arill  atnd 
$1.60,  plus  few  c«nu  pMage,  or  return  book  postpaid. 
(Pastaie  paid  on  cash  orders.) 


City  and  State. 


(Books  sent  on  approral  in  the  United  States  only.) 


WILL  YOU  USE  COMPOUNDS 

In  Your  Posf-Wor  Products? 

There  are  many  "angles"  to  Itandling  heated 
compounds  satisfactorily.  For  instance  . . .  melting  temperatures, 
maintenance  of  correct  heat,  pre-heating  to  reduce  melting  time, 
methods  of  dispensing,  and  many  others. 

These  and  countless  other  "angles"  to  handling  ^ 
melted  compounds  have  been  en- 
countered  by  Sta-Warm  engineers. 
g  Designing  and  building  electrically 

^  a  heated  pots,  kettles  and  tanks  has  I 

I  a  been  their  business  for  more  than  disp«ww 

Wr  If  postwar  production  lines  you  are 
I  planning  now  require  use  of  melted  B  n 
H  compounds,  let  Sta-Warm  Engi- 

neering  Service  help  you  to  the  * 

rv  Mcitini  tank  economical,  efficient  answer  to  unlailia* iSik 

your  problem. 


WV  Bialtini  tank 


dipatal  ar 

bnialilaf  lank 


STA-WARM  ELECTRIC  CO. 


1000  N.  CHESTNUT  ST. 


RAVENNA,  OHIO 


PERMANENT  MAGNETS 

Ail  Shapes— All  Sizes  — for  All  Perposes 

CO  BALT- CHROME-TUNGSTEN 

Stamped,  formpd  amd  cat! 


Alnico  (JiV.'r 


or  Siafprad 
G,  E.  Ljc«nt«i 


Also:  Lominertiont  for  Radio  Transformers 
TOOLS -DIES- STAMPINGS 

H««t  Traaline  af  Matala  and  Allaya 


T  HO  MAS 


1116  EAST  23RO  STREET 


SI#  I  M  ■■  p  STEEL  PRODUCTS 
R%  R  K  RO  COMPANY 

INDIANAPOLIS  S,  INDIANA 


0-1  li 


Vibrot'on-proo^  Lock-on  Cop  •  With 
or  witpojt  adjustable  Dimmer"  feature 
•  Choice  of  five  colors  •  W^ll-insulated 
pi-is’ic  body  •  Rugged  construction  • 
Easy  to  f.ioyj’t  •  Light  weight. 

Frit  iomp.’e*e  details,  write  to 


GENERAL  ^  ELECTRIC 
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Long  before  this  war  be* 
gan  A  U  D  A  X  Pidkaps 
and  Cutters  were 


in 


SELECTIVE 

SERVICE 


Since  pickups  first  became 
important  commercially,  the  dis¬ 
tinguished  products  of  AUDAX 
have  been  SELECTED  where- 
ever  and  whenever  the  retinire- 
ments  were  exacting. 

Today  AUDAX  magnetically 
powered  pickups  are  SELECTED 
for  War  contracts  that  demand 
the  highest  standards  of  per¬ 
formance  .  .  .  irrespective  of 
climatic  variations  or  severe 
handling. 

Our  stem  peacetime  stand¬ 
ards,  maintained  for  so  nuiny 
years,  have  proven  comfortably 
adeffuate  to  meet  government 
specifications. 

The  sharp,  clean-cut 
reproduction  of  MICRODYNE  is 
a  marvel  to  all  who  have  put 
it  to  the  only  test  that  really 
matters  ...  the  EAR  TEST. 

AVDAK  COMPANY 

SOO-B  Fifth  Avs.  New  York  it,  N.Y. 

Creators  of  High  Crade  Electrical 
land  Acoustical  Apparates  Siace  19151 
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DIRL  LIGHT  [0. 


I  n  L  LI  LJ  fl  I  L  U  ■  ^SdmueviML,  ^7n>e 

900  BROADWAY,  •  NEW  YORK  3,  N.  Y. 

Telephone;  ALgonqoln  4-5l80-l-2-i 
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Here  it  is.  It’s  CT.C’s  LS-1,  a  tiny,  slug  tuned 
I-F  Transformer  that  will  meet  your  every  requirement  for 
efficient,  dependable  performance,  just  as  it  is  doing  for  many 
manufacturers  of  high  priority  radio  and  electronic  equipment. 

Recently  released  for  more  general  use,  the  LS-1  will  bear  • 
looking  into  whether  or  not  you  have  an  immediate  applica¬ 
tion  for  it.  We’ll  be  glad  to  send  you  the  complete  story. 
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BVIV*  OF  THE 
raiV*  FINEST-MADE 
AND  MOST-WIDELY  IMITATED 

?m  LIGHT  ASSEMBLIES 


Dialco  aoative  Engineering  has  origi¬ 
nated  numerous  types  of  Pilot  Lights 
which  set  the  stondard  for  the  industry. 
I  COAAPIETE  WITH  LAMPS:  To  sp^d 
production  we  offer  a  vast  line  of  Pilot 
i  Lights  contpletely  assembled  with  proper 
•C,E.  or  Westinghouse  Lamps  .  .  . 

h  ^ECIALISTS  IN  NEON  APPUCATIONS 
j  ^  ...  Send  specifications  for  immediate 
[•  solution  of  your  prpblem.  Write  for 
L  complete  Catalogue. 

YOU  CAN  DtHNOOM  DlLIViRIlS 
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PLEASE  TEAR  AND  MAIL  TO 
Zierick  Mfg.  Corp.  v 
385  Gerord  Ave  .  New  York  City  51.  P*.  t. 
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LN  overloaded  or  short-circuited 
electrical  line — wires  get  hot 


will  last  almost  indefinitely  because 
it  resists  ozone,  air  and  sunlight. 


combinations  to  meet  specific 
service  conditions. 


— insulation  bursts  into  flame — acts 
like  a  fuse,  carrying  fire  to  all  parts 
of  the  plant.  Another  disaster  that 
might  have  been  prevented. 

Fires  like  that  will  be  prevented 
,'in  the  future  through  the  use  of 
f  i, flame-resisting,  self-extinguishing 
j|||GEON,  the  raw  material  for  elec- 
;  itrical  insulation  that  combines  out- 
, standing  electrical  properties  with 
yipositive  resistance  to  burning.  But 
igthose  are  just  two  of  the  properties 
Kof  this  polyvinyl  material  that  will 
H  offer  many  new  advantages  in  in- 
H  'dustrial,  domestic  and  utility  wiring. 
I  ^  For  example,  insulation  of  GEON 


It’s  electrical  properties  will  per¬ 
mit  a  thinner  layer  of  insulation — 
make  {^ssible  more  conductors, 
more  capacity  per  conduit.  The 
outer  surface  of  GEON  insulation 
is  smooth  and  slick  to  permit  faster 
installation.  It  can  be  made  in  a 
wide  variety  of  colors  for  quick 
identification.  Its  resistance  to  heat 
and  cold  means  perfect  perform¬ 
ance  under  severe  conditions.  Its 
impervious  ness  to  acids  and  water 
will  permit  safe  and  economical 
underground  use.  These  many 
desirable  properties  can  be 
had  in  a  wide  variety  of 


Right  now  all  the  GEONS  are 
subject  to  allocation  by  the  War 
Production  Board.  Limited  quan¬ 
tities  can  be  had  for  experiment — 
and  our  development  staff  and  lab¬ 
oratory  facilities  are  available  to 
help  you  work  out  any  special  prob¬ 
lems  or  applications.  For  more 
complete  information  write  depart¬ 
ment  F-7,  Chemical  Division,  The 
B.  F.  Goodrich  Company,  324  Rose 
Building,  E.  Ninth  and  Prospec^, 
Cleveland  15,  Ohio. 
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OTHER  SPECIFICATIONS 


INDICATING  METER 

R«ctifi«r  typ«  AC,  calibratad  I  to  SOmw  and  0  to  17  DB.  Rotor 
onco  lovol  0  DB  =  Imw. ' 


METER  MULTIPLIER 

OP-182,  OP-lt3-A,  OP-IT3-8 — Eitondt  motor  powor  rooding,  0.1 
to  100  X  scolo;  OB  rooding,  — 10  to  -|-20  DB,  in  10  OB  stops. 
OP-fil  —  Extends  motor  powor  reading,  0.1  to  1000  X  scale; 
OB  reading,  — 10  to  -t-30  PB,  in  2  DB  stops. 

MOUNTING 

OP-112  —  Black  tnol^  hand  rwbbod  walnut  coblnot, 

ir’xV'x*" 

OP-H1— Black  metal  panel,  ventilated  motel  case,  I2"x7"xk'/}". 
OP-1T3-A,  OP.-1T3-B  —  B|ack  bakollto  panel,  portable  cobinot 
with  ,romovabto  cover,  i3^k''x7%"xS'A‘‘. 


imp««anc«  ond  fix«d  fr«qu*ncy 
lix«d  fr«qu»ncy  and  variabla  load 
fixad  load  and  variable  frequency 


ALSO 


•  to  determine  internal^  impedance  or 
optimum  load 


•  to  measure  insertion  loss  of  a  network 


•  to  meosure  noise  pick-up  level 


•  to  test  band  width,  selectivity,  fidelity, 
sensitivity 


The  OAVEN  OP  Series  Power  Output  Meters  offer  a  selection 
of  four  models  for  measuring  the  effect  of  power  and  load 
on  audio  amplifiers,  filters,  dscillators  and  similar  equip* 
ment,  as  well  as  for  standard  radio  receiver  tests.  Types 
OP-182  and  OP-961  are  widely*  accepted  for  their  wide 
flexibility,  accuracy  and  durability.  Types  OP-193'-A  and 
0F~I93-B  are  especially  adapted  for  noise  pick-up  level 
work  in  testing  radio  receivers,  where  the  use  of  headphones 
is  desired.  A  special  Ihree-position  switch  enables  use  of 
headphones  circuit,  meter  circuit  or  both  simultaneously. 


OF-lf 
Power  range; 
Impedance 


Aceerocy 
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January  1940 


Novemaer  1940 


Nolrember  li939 


NOVEMBER,  1940  — The  average  cost  to  you  of  tubes 
on  the  RCA  preferred  list  wm  already  13%  lo^er  than  that 
of  the  same  tubes  in  November,  1939 ...  before  the  pro¬ 
gram  started.  Yet  the  tubes  had  improved  in  quality  and 
performance.  And  fewer  types  meant  simpler  tube  stocking 
f^or  both  the  manufacturer  and  the  dealer-serviceman. 

DECEMBER,  1944  —Another  record  has  since  substan¬ 
tiated  the  value  of  the  preferred  type  idea  . . .  that  of 
military  equipment  designed  almost  entirely  luround  an 
Army /Navy  Preferred  List  of  Vacuum  Tubes.  From  Saipan 
to  Soissons,  our  fighting  men  have  been  sure  of  spe^y 
replacements  of  high-performance  tubes. 


The  Magic  Brain  of  all  electronic  equipment  is  a  Tube., . 
and  the  fountain-head  of  modern  Tube  development  is  RCA. 


of  ProgroM 
in  Radio 
and  Eloctronks 


LISTEN  TO  "THE  MUSIC  AMERICA  LOVES  BEST/ 
SUNDAYS,  4:30  P.M.,  E.W.T.,  NBC  NETWORK 


JANUARY,  1940  — To  provide  higher  qudity  tubes, 

and  reduce  costs  at  the  same  time,  RCA  introduced  the 
Preferred  Type  Tube  Program.  The  idea  was  to  concen¬ 
trate  a  larger  demand  and  production  on  fewer  tube  types. 
The  longer  manufacturing  runs  which  would  result, 
meant  greater  production  efficiency  . . .  more  uniform, 
lower -cost  tubes  for  you. 


Y-DAY, 194X  —  Look  to  RCA  for  continuing  the  Pre¬ 
ferred  Type  Program  after  Victory.  If  you  already  have 
specific  tube  complements  in  mind  for  post-war  and  would 
like  to  know  if  the  tubes  you  plan  to  use  will  be  on  RCA’s 
preferred  list,  write  (stating  tube  types)  to  Radio  Cori*o- 
RATION  OF  Amrrica,  Commercial  Engineering  Section, 
Dept  62-13E,  Harrison,  New  Jersey. 


— —  AT  lOViER  COSY 

—  .  OF  bitter  tube  PEREO?y,tr!f.^D  TYPE  TUBE^ 

LT.^saVe  postwar  PES»o^^°j!L-p^^ 
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January  -  December  1945 

(Note:  For  an  index  to  volume  18,  please  refer  to  the 
December  issue.  The  contents  page  for  the  December 
issue  has  some  print  missing.  Included  in  the  November 
issue  is  the  1945-46  Directory  of  Electronic  and  Allied 
Products. ) 
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